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Oil in commercial quantities has been found in sandstones, 
limestones and shales, from a few feet to more than 3,000 feet 
below the surface. Pools in sandstones occupy soft porous 
lenses called pay streaks which occur within them. In only a 
relatively small per cent. of the oil pools does the production come 
from the entire thickness of sandstone. Many pools in pay 
streaks within sandstones of average grain, hardness and porosity 
do not show the slightest indication of being oil bearing until 
the bed has been penetrated for several feet and frequently not 
until the thin pay streak is tapped. In such cases wells some- 
times fill up from 1,000 to 2,000 feet with oil and less often 
flow oil at the rate of from 10 to several thousand barrels per 
day. Pay streaks are the rule rather than the exception in 
sandstones, especially in those of the Appalachian region. 
They are usually comparatively thin, being seldom over one- 
third of the total thickness of the sandstone and frequently 
much less. The porosity of the pay streaks varies greatly in 
different sandstones and in different areas of the same bed. In 
one place the oil may occur in a coarse, pebbly, conglomeratic 
lentil, while a superimposed pool in another sand may occupy 
a pay streak less porous than the enclosing sandstone of the first 
pool. In all cases the pay streak is more porous than the rest 
of the sandstone. 
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The oil and gas pools in limestones generally occur in dolomitic 
portions made porous by interlocking crystals. These porous 
patches are apparently more nearly uniform over wide areas than 
the pay streaks in sandstones. Oil pools in shales are confined 
principally to fissures and joints, and to brecciated zones. 

In this paper an attempt is made to state briefly the essential 
points of the Anticlinal and the Hydraulic theories, which are 
the two most important ones yet offered by geologists to account 
for these pools of oil and gas. In doing so no attempt will be 
made to accredit to each investigator the ideas essentially his own, 
or to give a detailed chronological account of the development 
of these theories. 


ORIGIN. 


In all attempts to provide a scientific explanation of the 
processes of accummulation of oil and gas their origin should 
first be taken into account. Upon this .point many theories 
have been advanced, all of which may be grouped under two 
heads, inorganic and organic. The first is essentially the theory 
of chemists, who hold that oil and gas were probably formed by 
water coming in contact with deeply buried and hence highly 
heated carbides of iron, manganese or other metals. Under such 
conditions it is held that chemical reactions would take place 
whereby the hydrocarbon compounds of which oil and gas are 
composed would be formed. Certain of these compounds which 
closely resemble refined petroleum have been produced in the 
laboratory from cast iron. Small quantities of oil and solid 
paraffin have been discovered in certain lava flows. Gas has 
also been found in meteorites. 

On the other hand geologists hold that while it is possible 
for oil and gas to be formed in nature from inorganic substances, 
by far the larger part of the enormous quantities enclosed in the 
sedimentary rocks, and probably all of that from which we 
obtain our supply, originated from organic matter. The amount 
of organic material which was entombed in these rocks when 
they were deposited is very great, and forms an appreciable 
percentage of the entire mass. The oil and gas which easily 
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might have been derived from this source and which are now 
diffused throughout the sedimentary rocks, exceed thousands of 
times that accumulated in pools of commercial size. 

The preponderance of evidence favoring organic matter as 
a source of oil and gas is overwhelming. The remains of plants 
and animals which lived in these seas sank to the bottom and 
when partially decomposed were covered by succeeding deposits 
of sand and mud that later became compressed and cemented into 
sandstone and shales. At places in the sea where certain forms 
of animal life predominated, beds of lime were formed by the 
calcareous portions of their remains, while the softer parts of 
their bodies probably, under favorable conditions, produced large 
quantities of oil and gas. It is believed that oils showing a 
high percentage of sulphur and nitrogen were formed principally 
from animal matter. Other oils, while derived from both 
sources, are probably mainly vegetal in their origin. 

Oil and gas indistinguishable from the natural product have 
frequently been made in the laboratory from both animal and 
vegetal matter. Scientists are not universally agreed, however, 
upon the processes through which this transformation took place 
in nature. Slow distillation of the organic matter at low tem- 
perature, and bacterial action under water and therefore in the 
absence of air, are generally considered to have been the agents 
of transformation. 

We may therefore assume as a safe premise that all the oil 
and gas now obtained from sedimentary rocks originated in 
them and that a relatively small portion is now in pools of com- 
mercial value. With equal certainty we know that these pools 
are accumulations and that the oil has been brought together by 
natural processes from its originally widely diffused state. Some- 
what less positively it is believed that the oil of pools collected 
in sandstones or shale has been accumulated from the shales. 
As to the source of the large oil deposits found in limestones 
geologists are not agreed. Some consider that the oil has been 
derived from the softer portions of animals the calcareous parts 
of which form the limestone, and that it is therefore indigenous. 
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Other geologists think that the oil has been collected into the 
porous dolomitic portions of limestones in the same way as that 
in sandstones and shales. It seems best to consider that lime- 
stone oils have been derived from both these sources. 


THE ANTICLINAL THEORY OF OIL AND GAS ACCUMULATION. 


Geologists who first made a study of the phenomena of oil 
and gas pools found that these substances were invariably con- 
tained in a porous bed beneath a close-grained, apparently im- 
pervious bed of shale. The oil bearing bed was also found in 
many cases to contain more or less salt water. With these facts 
established the conclusion was reached that the oil had come up 
from somewhere below and had been prevented from continuing 
on its way to the surface by the impervious bed of shale. The 
cause of this upward movement was attributed to ‘ hydrostatic 
pressure’ (which is the pressure exerted. by a body of water 
at rest). This is interpreted to mean that the supposed upward 
movement of the oil and gas was caused by the difference in 
weight of the oil and gas, and salt water, thereby causing the 
lighter substances to travel upward through the rocks until 
stopped by some impervious bed. This was without question 
the fundamental idea involved in the anticlinal or structural 
theory of oil and gas accumulation. With it in mind the next 
deduction was that the most favorable places at which pools of 
oil and gas might occur were along the arches of anticlines, 
especially domes, in regions where the folding of the strata were 
not so profound as to cause joints and fissures in the impervious 
cover but still sufficient to give a gradient along which the oil 
and gas could travel in the porous bed. 

Investigations showed that a large percentage of oil and gas 
pools were located upon and near the tops of domes, anticlines, 
and structural terraces, and that most pools showed unmistakable 
evidence of being affected by structure. These facts were 
assumed therefore to prove the correctness of the above deduc- 
tions and to afford very positive proof that structure is an im- 
portant factor of accumulation because it offers an opportunity 
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for the oil, gas and salt water to disassociate themselves through 
difference in gravity. 

Many quotations might be cited from literature on this sub- 
ject, but the following statement by the late Dr. Edward Orton,? 
State Geologist of Ohio, will suffice. Speaking of the oil and 
gas bearing sandstones of Ohio he says: 

If one of these sandstone strata filled with salt water, oil and gas 
and freely permeable laterally and horizontally for even miles at a time 
were to be thrown into a system of low folds, what effect would this 
movement have upon the contents of the strata? Would not a separa- 
tion of gas, oil and water be sure to follow, the gas finding its way to 
the summits of the arches and the salt water sinking to the bottoms of 
the troughs? Such a result would be inevitable under the conditions 
assumed. 

Therefore, assuming the presence of oil, the three essential 
factors involved in oil and gas accumulation according to this 
statement of the anticlinal theory are: (1) Saturation of the 
rocks of the collecting area by salt water, oil and gas. (2) 
Slight irregular folding of the strata. (3) A porous bed over- 
lain by an impervious one. 

The simplicity of this theory, its seemingly logical deductions, 
and its fairly successful practical application in various parts 
of the country, especially over large areas in Ohio, West Vir- 
ginia, and some fields of southwestern Pennsylvania, have given 
it a wide recognition among both geologists and producers. 
Since this theory was formulated its application to explain the 
exact locations of pools from a detailed knowledge of the struc- 
ture of the oil bearing beds, while frequently successful in a 
general way, has often left many apparently essential facts un- 
explained. In order to obviate these evident defects in the 
theory many suggestions and modifications have been offered 
by geologists working in the various fields of the United States. 
These suggestions fall into two general classes: (1) Those based 
upon the idea that movement towards accumulation is caused 
by the difference of gravity in oil, gas and salt water. (2) 
Those ‘based upon the belief that other factors have played im- 
portant roles in the process of accumulation. 


* Preliminary Report of the Geological Survey of Ohio, 1886, p. 13. 
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The modifications offered under the first head by the earlier 
writers are admirably summed up by Griswold in what is not 
only among the latest but also one of the most complete state- 
ments of the difference-in-gravity idea of accumulation yet 
made. He says:? 


Whether the petroleum comes from within or from below the shales, 
it must pass through them, and to do this it must pass through the very 
small pores existing in those relatively impervous beds. The nature 
and cause of this movement are not understood. Capillary action and 
great rock pressure may be suggested as causes which aid in forcing 
the petroleum out from the shales, but there are not sufficient data on 
this subject to justify any scientific explanation. It matters little what 
is the ultimate source of the oil; the important facts are its occurrence 
now in the porous sandstones, its circulation through the rocks, and the 
conditions leading to its accumulation in commercial deposits. 

Movements in Porous Rocks—The porous rocks into which the oil 
and gas enter may be dry, or they may be completely saturated with 
water. In most cases it is probable that a combination of these two 
conditions exists—that the porous rocks are completely saturated with 
water up to a certain level, but above that point they are dry. The 
movement of the hydrocarbons through the rocks will not be the same 
in the two cases, and therefore each condition must be considered 
separately. 

If small quantities of oil and gas enter a dry porous rock at different 
points the oil will flow down as long as gravity is sufficient to overcome 
the friction and the capillary attraction. The gas will diffuse with the 
air or water vapor contained in the pores of the rock. 

Oil and gas entering a porous rock that is completely saturated with 
water will be forced up to the top of the porous stratum by the differ- 
ence in the specific gravity of the hydrocarbons and the water. Here 
the oil and gas will remain if the porous stratum be perfectly level, 
but if it has a dip sufficient to overcome the friction, the particles of 
oil and gas will gradually move up this slope, the gas with its lower 
specific gravity occupying the higher places. 

In case the porous rocks are partly saturated a combination of these 
two actions will take place. The oil entering above the line of com- 
plete saturation will flow down to that line and the oil entering below 
will be forced up to the top of the completely saturated portion. 


In this statement it will be noted that provision is made for 
accumulation of oil into pools in dry rocks by the direct action 


* Bulletin No. 318 U. S. Geological Survey, p. 13. 
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of gravity, and in rocks partly saturated and partly dry by a 
combination of the direct action of gravity and the force exerted 
upward by the difference of gravity of oil and salt water. 
While this theory seems very simple and practicable, its limita- 
tions are so extremely evident that its popularity can only be 
explained upon the ground that the formulation of a better 
hypothesis has not been seriously attempted. 

Concerning the more glaring defects of this theory attention 
might be called to the fact that it makes no adequate provision 
to account for the enormous pressure developed in both oil and 
gas wells. What explanation is given for a pressure sufficient 
to flow from a sandstone 20,000 barrels of oil per day through 
a 6-inch hole 2,000 feet deep, or the production of more than 
80,000 barrels of oil per day from a 6-inch hole drilled to a 
dolomitic limestone more than 1,000 feet below the surface? 
Again, the closed pressure of the better grade of gas wells is 
seldom less than 300 pounds per square inch and is frequently 
from 800 to goo and even as high as 1,500 pounds to the square 
inch, some of the wells having a maximum daily capacity of 
more than 30,000,000 cubic feet. What explanation of this 
well-known phenomenon of pressure does the above stated theory 
make ? 

That such pressures can be secured by a difference of gravity 
of oil, water. and gas, or through the weight of oil or gas in the 
producing sand, seems impossible. The maximum pressure pos-’ 
sible to obtain in this way is by gravity direct, in beds standing 
vertically. Under such conditions this pressure would be equal 
to the weight of a column of oil through the vertical section of 
the saturated zone. The dip of the oil-bearing beds in the oil 
fields of the Appalachian region is seldom, if ever, more than 
200 feet to the mile. In most pools it is less than 50 feet and 
the dip within the limits of a few very large pools is less than 
30 feet to the mile. The greatest dip within the limits of oil 
pools in this region ranges from about 30 feet to about 150 
feet... This gives therefore a maximum pressure in dry rocks 
ranging from about 10 to less than 55 pounds per square inch. 


. 
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In saturated rocks the maximum pressure under the same circum- 
stances would be limited by the lifting power of a body of oil 
floating on water, which, as shown by the writer in a previous 
article in Economic GEoLoGy,’ is about 0.26 of the weight of 
the column of oil. 

It has been suggested by geologists favoring this theory that 
pressure is caused by the generation of gas from oil within the 
pool after it is formed. This may be true, but since the theory 
provides that the oil is free to move towards the pool by gravity, 
what is to prevent the newly generated gas from forcing the oil 
back along this route, or else dissipate this pressure throughout 
the sandstone? When it is remembered that many oil pools 
located on the axes of anticlines, in places where no higher drain- 
age areas are available in the oil sand, and from which no water 
is obtained, flow oil and gas freely through from 1,500 to 2,500 
feet of two-inch pipe, it will be seen that the anticlinal theory 
as given above and as usually stated by geologists, furnishes no 
adequate explanation of the phenomenon. 

The favorite bugbear to which most misapplications of the 
accumulation-by-gravity idea of the anticlinal theory are attrib- 
uted by its adherents is the time-honored delusion—impervious- 
ness of strata. Failures to locate or outline pools by mapping 
the structure of the oil bearing bed are too often attributed to 
the imperviousness of the oil sand. This is the orthodox way 
of dodging the point and it sometimes doubtless serves a useful 
purpose, but its abuse is not conducive to the progressive study 
of the problem involved in oil and gas accumulation. No 
unaltered sedimentary rocks of the type in which oil and gas 
gas pools occur are impervious. Every known fact regarding 
the lithologic character of the oil sands as a whole shows that 
from 10 to 40 per cent. of their bulk is made up of pore space. 
Data relative to the porosity of the enclosing beds of shales are 
less plentiful, but their pore space doubtless ranges from one to 
15 per cent. with an average of not less than 6 per cent. This 
means that in every square foot of the so-called impervious beds 


*“Studies in the Application of the Anticlinal Theory of Oil and Gas 
Accumulation,” 1909. 





overlyi 
The m« 
inches 

The 
lated \ 
long g 
obtain 
sandst 
rapidly 
shale, 
of hig 
porosit 


a poro 


beyonc 
planat 
As 
ogists 
has cc 
in mir 
this is 
spond 
crude 
be mi 
itself 
to the 
subm« 
fore, 
the sk 
mous 
shale. 
presst 
as po 
parat 
great 
lem c 
is eS) 








um- 
f oil 
ious 
t of 


that 
the 
cory 
vity, 
2 oil 
nout 
ools 
‘ain- 
ater 
500 
eOry 
; no 


the 
rib- 
ous- 
ing 
1 to 
way 
eful 
udy 
No 
gas 
ling 
that 
ace, 
are 
e tO 
his 


eds 
Gas 





THEORIES OF OIL AND GAS ACCUMULATION. 517 


overlying an oil and gas pool about 814 square inches are holes 
The most impervious patches probably have from 114 to 2 square 
inches of pore space in every square foot. 

The anticlinal theory implies that oil pools have been accumu- 
lated very slowly, globule by globule, through a comparatively 
long geologic time. If this be true but little pressure could 
obtain in a pool before the oil would be forced out of the porous 
sandstone into the more dense but still quite porous shale as 
rapidly as it was mysteriously collected from the underlying 
shale, as provided for in this theory. The fact that hundreds 
of high pressure pools do exist under shale beds of average 
porosity and even in pay streaks enclosed by sandstones having 


a porosity of from 10 to probably more than 25 per cent., shows 


beyond doubt that this theory fails utterly to provide a clear ex- 
planation of this very essential feature. 

As previously stated, the consensus of opinion among geol- 
ogists is that most of the oil now accumulated in sandstones 
has come irom associated shales where it was widely diffused 
in minute globules. Many undisputable facts tend to prove that 
this is true. The great affinity of oil for shale and its corre- 
sponding lack of affinity for sandstone, are well known. If 
crude petroleum and clay, of which shale is largely composed, 
be mixed in water, a considerable portion of the oil will attach 
itself to the particles of clay with such tenacity that it will settle 
to the bottom of the containing vessel with the clay, and remain 
submerged indefinitely. This affinity of oil for clay is, there- 
fore, a constant force acting against movement of the oil from 
the shales to the sandstones. By what means then has this enor- 
mous quantity of oil in sandstones beeri transported from the 
shale? Early writers attributed this movement to “ hydrostatic 
pressure.” Griswold suggests capillary action and rock pressure 
as possible causes but dismisses the subject as being of com- 
paratively little significance. In the writer’s opinion this is the 
greatest and most fatal gap in the anticlinal theory. The prob- 
lem of providing a clear-cut, definite explanation of this process 
is especially important since the same agents are very likely 
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responsible for the further collection of the oil into pools within 
the sandstones. 

The anticlinal theory is therefore seen to be of questionable 
value in a theoretical study of oil and gas pools, since the idea 
of transportation-by-gravity upon which it is based, is without 
doubt erroneous. In attempting to secure a truer interpretation 
of the geologic facts now clearly established relative to oil and 
gas pools the writer has formulated a tentative working hypoth- 
esis which is intended to be especially applicable to the oil and 
gas pools of the Appalachian region, but which may also be 
found of value in the study of other fields. It is made up partly 
of points suggested by other geologists and partly from the 
result of investigations made by the writer. A brief outline of 
the essential features of this hypothesis is given below,. but for 
lack of space no attempt will be made to present at this time the 
facts upon which these deductions are based. 


THE HYDRAULIC THEORY. 

The central idea of this theory is that the principal active 
agent of oil and gas accumulation is moving water under both 
hydraulic and capillary pressure. It assumes that oil and gas 
have originated from organic matter, both animal and vegetal, 
entombed in the sedimentary rocks when they were deposited. 
The relative amounts of such matter doubtless varied greatly 
from place to place in different beds; the shales having as a 
rule many time the amount contained in sandstones, and the 
limestones a greater percentage of animal matter than the shales 
and sandstones. The amount of organic matter also doubtless 
varied in quantity as well as in character, within the same beds, 
and in associated beds of similar composition. The transfor- 
mation of this organic material took place by slow decomposi- 
tion and distillation at low temperatures, and by bacterial action 
in the absence of air, the latter being the principal agent. 

The greater portion of this oil was probably produced shortly 
after the rocks were deposited and when they were still uncon- 
solidated, at which time bacterial action was greatest. The dis- 
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tribution of the oil was probably in the main proportional to 
the amount of organic matter deposited in the various beds, 
though in areas where physical conditions greatly favored bac- 
terial action the reduction of the organic substances was more 
complete, thereby producing more or less variation in this ratio. 

Except in rare instances, the amount of oil produced at any 
one spot formed a negligible proportion of the rock mass. It 
was probably distributed as tiny isolated globules throughout 
enormous quantities of shale, with a relatively small amount in 
sandstones. 

The oil in those limestones that show evidence of great 
maceration of the calcareous material before the beds were 
formed, has probably been obtained either from associated por- 
tions of the limestone of from the enclosing shales and is there- 
fore not indigenous as is the oil in limestones made up largely 
of shells. 

It will be noted that the above premise relative to origin of 
oil varies little from that mentioned earlier in this article as 
being almost universally agreed upon by geologists. From this 
premise the following deductions seem logical, as they are in 
close harmony with the known facts. 


THE PROCESS OF ACCUMULATION, 


The oil generated in the loose mud and sand on the sea bottom 
very probably came off in microscopic globules. Because of the 
great affinity of oil for clay, each of these tiny globules im- 
mediately after being formed eagerly seized upon the first small 
particle of clay with which it came in contact and completely 
enveloped all exposed portions of it. At this stage the shales 
were soft, unconsolidated beds of mud completely saturated with 
water, the pores of each tiny particle of clay being filled with 
water. Globules of, oil not closely associated with particles of 
clay when formed, being lighter than water, probably arose 
toward the surface. Many of these globules, together with 
others that were formed in the water, came in contact with and 
attached themselves to floating clay particles and with them 
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slowly sank to the mud below. In time this petroliferous mud 
became covered by a bed of sand and this in turn by succeeding 
beds until they lay buried probably thousands of feet below the 
ocean floor. 

If it were possible to note the effect of this downward move- 
ment upon the oil in a particular bed of mud and the overlying 
sand, it would be seen that slow compression of both beds would 
take place, thereby causing considerable reduction of their vol- 
ume. This reduction would at first affect only the size of the 
interstices between grains and would suffice to force out of the 
beds a certain portion of the water held in them. The water 
in the shale would take the course of least resistance and travel 
upward into the sandstone, and in doing so displace an equal 
amount of water originally held in the sand, which would be 
forced upward into the overlying bed. 

When compression first began in the loose mud the interstitial 
water probably had ample room for movement between the 
particles of clay, without disturbing the oil. However, as the 
bed becomes more compact the particles of clay were pressed 
more closely together and the oil filnis surounding them were 
brought to occupy a certain portion of the interstices of the 
shale. Water in the pore spaces of the individual clay particles 
to which the oil was first attached, still remained undisturbed. 
This compression of the shales doubtless continued until the 
oil was confined with water in the interstices of the shale. Un- 
der such conditions it could then’ be torn from its moorings by 
the upward currents of water through the interstices, and forced 
along into the sandstone as a more or less complete emulsion 
of oil and water. 

The upward movement of a given particle of oil under such 
conditions continued only to a point where the pressure created 
by this compression was relieved. If the open space of the 
overlying sand equaled or exceeded in vertical section that of 
the mud, all of the oil and water which left the mud remained 
in the sand, displacing an equal amount forced into the next 
higher bed. The rate of compression which converted the oil- 
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bearing sands and muds into sandstones and shales doubtless 
was greatest at moderate depths and under relatively light loads. 
In many cases, however, subsidence continued until the beds 
under consideration were buried by thousands of feet of younger 
sediments. Under such conditions compression, cementation 
and increasing heat probably combined to cause further upward 
movement of the oil and water. The general effect of this move- 
ment was to increase the percentage of oil in the sandstones at 
the expense of the shale, and to lose from the beds a greater 
ratio of water than oil, which further increased the percentage 
of oil to water in the sandstone, yet probably leaving a large 
amount of oil in the shales. 

The vicissitudes through which the various oil bearing beds 
have passed since their deposition are not told as simply as that 
given above, and to outline, even briefly, their geologic history, 
is beyond the province of this paper. We may take, however, 
a simple example, say that of the Appalachian region, and illus- 
trate the principle upon which the hydraulic theory is based. 

We may leave out of account, as unessential, the subsequent 
history of a given series of oil-bearing shales and sandstones of 
this region, from the time they reached their maximum depth 
and temperature until the present time, and be able to deduce 
from facts now clearly established a fairly complete account of 
the process of oil and gas accumulation which took place in them. 

The drill has penetrated the sedimentary rocks of the Appa- 
lachian region to a depth of more than one mile and many wells 
have gone more than 4,000 feet into them. They have every- 
where been found to consist of unaltered sandstones and shales 
of average porosity. Another fact of great theoretical impor- 
tance is that the amount of water found in these rocks in- 
variably decreases with depth. Fresh water is found in appre- 
ciable amounts in one or more beds as a rule to a maximum 
depth of 200 to 800 feet. Brackish or salt water occurs below 
the fresh water at depths ranging from 400 to about 3,000 feet. 
In a few wells out of the thousands drilled, salt water was found 
at greater depths than 3,000 feet, but in all such cases the 
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amount and head of this water was very small, regardless of 
the porosity of the containing bed. In many wells open porous 
sandstones from 1,000 to 3,000 feet from the surface show no 
water. Many of these were found to take up, with surprising 
rapidity, water poured into the well in the process of drilling. 
It is a generally recognized fact among oil men that as a rule the 
volume and head of water in a given bed decreases with increas- 
ing depth from the surface. Examples are numerous in the 
deeper sands where the supply of water in a given bed entirely 
disappears when traced down the dip. Fresh water in beds 
relatively close to points of outcrop shows a steady change to 
salt when traced down the dip. 

These water conditions in the oil and gas bearing rocks of 
the Appalachian region obtain over thousands of square miles. 
These facts appear more remarkable when it is remembered that 
this oil region is located near the axes of a very broad shallow 
synclinorium or trough lying between the Allegheny Front on 
the east and the Cincinnati Anticline on the west, and extending 
from New York to Tennessee. This trough has doubtless ex- 
isted since Permian times, and is probably much older. As 
previously stated the maximum dip within this oil and gas region 
is probably not more than 200 feet to the mile, the average not 
exceeding 75 feet per mile. 

Four points of very great theoretical importance relative to 
the present water conditions in the oil and gas bearing beds 
are clearly established by the facts referred to above: (1) These 
oil-bearing shales and sandstones have lost such an amount 
of their original water of deposition that they are now unsat- 
urated in places. (2) The water now found in these beds is 
partly meteoric and partly water of deposition. (3) Most of 
the original water of deposition in these rocks is held in them 
by capillarity, which would not permit the water to drain into 
a well drilled into it. (4) The salt water is largely water of 
deposition collected by being forced ahead of and with moving 
bodies of meteoric water. 

As regards the first point, it is an open question among 
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geologists as to how and when these rocks became unsaturated. 
The explanation of this fact is by no means a simple one. This 
is especially true of some of the deeply buried oil sands which 
take up water with such avidity as to lead to the conclusion 
that the moisture in them must fill a very small percentage of 
the available pore space. It has been suggested that these rocks 
lost most of their water as steam and water vapor when they 
were at or near their greatest depth and temperature. Hydra- 
tion, expansion of the beds upon a partial release of pressure, 
and differential contraction of the rocks and their fluid contents 
upon cooling, have been suggested as possible causes. An ex- 
planation of this phenomenon, however, is not germane to the 
statement of the hydraulic theory. The essential fact is that all 
of these rocks are not at present saturated with water. What- 
ever the agent of this depletion might have been, it was certainly 
one of diffusion rather than of accumulation and concentration, 
and may therefore be dismissed as not being the cause of the 
collection of oil and gas into pools. It seems very probable 
that the oil and gas pools which we find in the rocks to-day 
were formed subsequent to the desaturation of the oil and gas 
bearing beds. 

As stated in the beginning, the fundamental idea of the 
hydraulic theory is that moving water under either hydraulic 
or capillary pressure has been the direct agent of accumulation 
of oil and gas pools. To this idea may be added another of equal 
value—the pools of oil and gas are held in place by water under 
hydraulic and capillary pressure which effectively seals up all 
the pores of the surrounding rock and prevents the dissipation 
of pressure by diffusion. Around these two fundamental prin- 
ciples must yet be grouped the essential facts needed to round 
out this hypothesis and to provide a more complete explanation 
of all the phenomena observed in the development of oil and gas 
pools. At the present time sufficient detailed facts relative to 
oil and gas are not available to establish any theory beyond 
question. In a general way, however, it may be shown that 
this theory offers several advantages over that involved in the 
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difference-in-gravity idea of accumulation which is unquestion- 
ably the principle upon which the anticlinal theory is based: (1) 
It provides an adequate means of forcing the oil and gas from 
the shales into the pay streaks of the sandstones or other porous 
beds. (2) It provides a means of preventing diffusion by 
sealing up the pore space surrounding oil and gas pools by water 
under either hydraulic or capillary pressure. (3) It provides 
an ample source of pressure in both oil and gas pools. (4) It 
furnishes a better explanation of the structural position of pools 
of oil and gas, especially in the Appalachian region. 

The exact way in which moving water collects pools of oil and 
gas, as provided for in the hydraulic theory, may be made clearer 
by brief reference to a few well-established facts relative to the 
movement of water by hydraulic pressure and capillarity. 
Water traveling by hydraulic pressure is forced along by the 
weight of the column of water above. It will, therefore, travel 
fastest and farthest in the rocks having the largest capillaries, 
fissures and joints, since under such conditions friction, which 
opposes such movement, is least. Conversely it will travel 
slowest in the rocks having the smallest capillaries or pores, be- 
cause the friction is greatest. The effect of friction is to de- 
crease the rate of movement and the active head at the edge 
of the saturated area as it spreads farther and farther away 
from the point of intake or the source of water supply. Ina 
given case this element of friction would affect the pressure at 
every point until the whole basin below the intake was entirely 
filled and the body of water was brought to rest upon an abso- 
lutely impervious bottom. The pressure would then become 
hydrostatic and not hydraulic, and all points of equal distance 
below the intake would have the same pressure regardless of 
the nature of the rock. At a given spot water may therefore 
penetrate the rocks to where the combined friction entirely over- 
comes the hydraulic pressure at that point, thereby reducing the 
rate of movement to zero, without introducing the hydrostatic 
element of pressure. 

Water moving by capillarity has been described as “ drawing 
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itself along in an endeavor to fill capillaries.” This statement 
is not an exactly true one, since the forward movement is prob- 
ably entirely due to pressure exerted by the water from the walls 
inward, being in effect a “squeeze” rather than a pull. The 
capillary force of water increases greatly with a decrease in the 
size of the capillaries. The finest grained rocks furnish the best 
avenues for movements by capillarity. 

Water moving through rocks therefore travels both by 
squeezing itself along by capillarity and by being forced along 
by the weight of the column of water above, minus the friction. 
These forces evidently act in concert. In open porous beds the 
hydraulic element probably predominates, while in close fine- 
grained rocks movement is largely capillary. In all instances 
where the hydraulic element is active the advancing water is 
preceded by a skirmish line of capillary water. When the 
hydraulic element is exhausted by friction, the line of saturation 
is extended to a greater or less distance beyond to a point where 
the friction becomes so great that the supply of water for for- 
ward movement by capillarity cannot be brought up from the 
rear. When a bed is once invaded and saturated through capil- 
lary movement, the water of saturation cannot exert itself fur- 
ther; it can be forced out of the capillaries only by hydraulic 
pressure. The movement of such water in a capillary is subject 
at all times to the same laws of friction as that forced along 
by hydraulic pressure. 

Water moving from a given intake, or other source of supply, 
and traveling by hydraulic and capillary pressure as described 
above, would completely saturate the beds as it advanced, and, 
because of its greater capillary force, would accumulate and push 
ahead of it a considerable portion of the oil and gas contained 
in the beds. Movement through the different beds would not be 
uniform, which would finally result in zones of conflicting 
currents of water between which the bodies of oil and gas would 
be trapped and held. Water passing through a shale by capil- 
larity would force oil into a sandstone or other porous bed 
below, where capillarity would be too weak for the water to 
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follow. If portions of the sandstone should happen to be fine- 
grained, while other portions were conglomeratic and unusually 
porous, the tendency of capillary movement would be to force 
the oil from the denser into the more porous portions, which 
would constitute the “pay streaks” as they are now found. 
While some pools would thus be formed by capillarity alone, 
others would be collected entirely by hydraulic pressure, and 
still others by a combination of hydraulic and capillary move- 
ments. 

Therefore the general result of such movement would be to 
form a large number of oil and gas pools in all kinds of rocks 
and under many varying conditions. Those pools of commercial 
value would be the ones formed in relatively porous beds under 
high pressure. This pressure while now sometimes found to 
be partly hydraulic was originally mainly capillary. Pressure 
in pools is maintained by the expansive force exerted by gas, 
which was either accumulated with .the oil or generated subse- 
quent to the formation of the pools. Such gas could not diffuse 
because of the saturated condition of the surrounding rocks. 
Pools in which the hydraulic element is active show more or less 
water with the oil and gas. Those which were accumulated 
by capillarity would show no indication of water, nor would 
water appear in a well drilled through beds enclosing capillary 
water. A combination of the hydraulic and capillary elements 
of pressure in different proportions results in all gradations 
from rocks showing considerable quantities of water to those 
apparently dry, though in fact filled with capillary water. Such 
areas should not be confounded, however, with those that have 
not been invaded by moving water and in which the rocks are 
still unsaturated. 


Fics. 77, 78 and 79 show an ideal section through a series of oil and gas bear- 
ing shales and sandstones of the Appalachian type, and the approximate course 
taken by an invading body of water. The arrows indicate the supposed direc- 
tion of movement of the water through the rocks, Solid arrows show areas 
under hydraulic pressure. Dotted arrows show where the movement is sup- 
posed to be entirely or largely capillary. Dots show favorable points for the 
accumulation of oil and gas. 
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The principle upon which the hydraulic idea of accumulation 
is based is illustrated by Figs. 77, 78 and 79, which are intended 
to show three stages of an invasion by surface waters of a series 
of sandstones and shales containing oil and gas in fields similar 
to those of the Appalachian region. Fig. 77 shows a sandstone 
outcropping at the surface to be the principal source of water. 
This sandstone is underlain by shale which at certain points, A 
and B, is assumed to be more porous and therefore more easily 
penetrated by water traveling under hydraulic pressure than the 
denser portions of the shale. Under such conditions the water 
traveling principally by hydraulic pressure through the sand- 
stone and through the porous portions of the shale might easily 
reach the points, C and D, in the lower sandstone before the 
denser shale at other points had been saturated. From these 
points the direction of the moving water as indicated by the 
arrows, would result ultimately in the collection of bodies of 
oil and gas from the rocks through which the water passes into 
areas surrounded by opposing currents of water. As long as 
this water moves by hydraulic pressure pools of commercial size 
will result from the accidental meeting of such currents around 
pay streaks. In areas where capillary movement predominates 
the battle for capillary space between the water and the oil will 
go on until the water ultimately forces the oil into the more 
porous portions of the rock where capillary attraction is weakest. 

It may be seen that the capillary pressure of water enclosing a 
gives pool may be augmented by hydraulic pressure by subse- 
quent erosion and a greater invasion of water. It is also pos- 
sible for enormous quantities of oil and gas to have been driven 
downward through the rocks for relatively great distances be- 
fore being finally trapped by conflicting currents. When once 
formed, however, pools remain practically stationary. 

The above sketches may be modified to fit the local conditions 
found in a very large number of pools of much more intricate 
structure, without in the slightest degree changing the principle 
upon which they are based. Instead of a common source of 
water there may have been as easily a number of independent 
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sources of supply, which may be either meteoric water, or 
water of deposition, or both. Again, each unconformity repre- 
sents a time when there was a possibility of an invasion of 
surface water being followed by salt water from the unlimited 
supply of an encroaching sea. 

In all cases the geologic history of an oil or gas pool is inti- 
mately associated with the structural changes to which the bed 
enclosing it has been subjected. The structural position of a 
pool may therefore be said to depend upon the direction of move- 
ment of the invading water with reference to the dip of the 
rocks. If the course of the water was parallel to the dip of the 
rocks and the movement by hydraulic pressure, the position of 
the oil pool will conform fairly closely to structure lines. If 
the movement with the dip was by capillarity this conformation 
to structure would be more modified by the varying porosity 
of the oil bearing bed. If the moving water had a direction 
parallel to the strike the pools may have no definite structural 
arrangement. 

The salt water so often found in connection with oil and gas 
may be either the original water of deposition, or it may be 
surface water which has traveled a sufficient distance through 
the beds to accumulate salt from the rocks by solution. In most 
cases the salt water probably is derived from both sources. 

The practical application of the hydraulic theory in the search 
for new pools of oil and gas, especially in the Appalachian fields, 
involves an intimate knowledge of the structure, stratigraphy 
and the general water conditions of the various beds, and all 
the facts relative to the varying porosity of the beds that may 
be acquired. With this knowledge a trained geologist familiar 
with the geologic problems involved in any particular field, 
should be able to consistently select areas for testing where the 
possibility of pools having been accumulated is far above the 
average. The value of such work will of course in all cases be 
dependent upon the information available and upon the ability 
of the one who interprets it. 











THE IRON ORES OF MARYLAND.! 


JosepH T. SINGEWALD, Jr. 


The iron industry of Maryland dates back to the early part 
of the eighteenth century, and until about thirty years ago it 
was one of her most important industries. In 1761 there were 
eighteen furnaces in Maryland operating on native ores. Dur- 
ing the Revolutionary War and again during the War of 18:2, 
Maryland furnaces turned out cannon and cannon balls for the 
American Armies. J. M. Swank says that Allegany County 
is entitled to two of the highest honors in connection with the 
American iron trade. “ It built the first successful coke furnace, 
and rolled the first heavy iron rails.” In 1874 there were twenty- 
eight furnaces in Maryland with a total annual capacity of 
94,000 tons of pig iron. This was the high water mark in 
Maryland’s iron industry. In 1870 she ranked fifth among 
the iron-producing States; by 1880 she had dropped to twelfth 
place; and to-day only one furnace running on native ores sur- 
vives, and that has not been in operation for more than a year. 
The output of the latter, the Muirkirk furnace, has been largely 
used by the United States Government, the product being guar- 
anteed to stand 30,000 pounds per square inch in the pig and 
often withstanding on test 40,000 pounds. 

In view of these facts, the question as to Maryland’s future 
in the iron industry is a most important one from the standpoint 
of her natural resources, and it is for this reason that the Mary- 
land Geological Survey is making a study of the iron ores of the 
State. 

The four chief ores of iron are known to occur and have at 
some time been worked in Maryland. Arranged in the order 
of their importance in the State, they are limonites, carbonates, 
hematites and magnetites. The map, Plate Vil, shows the 

* Published by permission of the State Geologist. 


530 














part 
o it 
vere 
Jur- 
8i2, 
the 
inty 
the 
ace, 
nty- 

of 
< in 
long 
lfth 
sur- 
rear. 
gely 
uar- 
and 


ture 
oint 
ary- 
f the 


re at 
der 
ates, 

the 

















a ee ae wom Ge oom. FF” — ll 6 ee Oe ee a a io YS —_ = @ .o? 8) 
SESH HABSESLEtHH SBPSSHBFEESS HE“ A2Rty BEETS 
= Sere oO Ss CHO & SE sv SESAME se2H4385 ta. > 
MIS. ONL On tau oer ba Sy eS ie a he 8 ore 0 AaO ont okt 

OL a COLLET EL a m — 








“A"N “02 ONIAVEONS 331061") 




















S=E= UOWPald OY} JO S}}eWO}] 1e;NIedGS ig) 
=" surjyoujeddy auy jo soyjewayy pay = O-———--~----—--------—~ aig uo Bog 
O-——~*saunuadiag oy} ui sepjeuseW *seUNOD Psopeyy puke SOWIE 4o SeyUOWIT 








O~'sySIYDS JUOWP! OY, UI SEzeUZeE_W HM ~~sejuNod yoIZepes4 pur {joueD jo SoyUOW 


@ ‘uoneusoj uopno7y ey} ui seyjousey *SO}UOWIA] URIDIAOPIC-oquied 





8 
4 ~~" *seyeuoged uleig jRSe0D = ~~~ —~soy1u0w! AuexsuQ-snyjeaey 
a 





v-~—~suelyoujeddy ay} yo seyeuoqued ~~sayuow!7] AueysuiQ-Ziequepjey 





aSplquiyg Sm 


<o 
+ 
At 
jo 
ty oourtsy 














yo ~] 
Se J *SIIQ UOAT OY} JO UOIZNGEYSIG 
Suraoys 
ered GCNVIAUVIA 
x 
oystrysuy( e JO dvw 


i 











eae 











aAAIVAMVTAC 








by +2 a 
HAumousisaoyo A ~% a 
A + 


A epee 
s 


—* ty, 
pu = sf 
\ 
\ 


Vea 








) 















” AN 2 


jf si 


























prs 


24901035) SINONO oars 
+] O43 “Al “10A HA 31V1d 


























West from Greenwich 


Longitude 











[L-L.POATES ENGRAVING C 








THE IRON ORES OF 





MARYLAND. 531 


distribution of these ores. Limonites are found on the Appa- 
lachian, Piedmont and Coastal Plain areas. They attain their 
greatest development in the Piedmont and the eastern portion 
of the Appalachian area. Carbonates occur in the Appalachian 
region and in the Coastal Plain. The carbonates of the Appa- 
lachian region are found in the Coal Measures of Western 
Maryland. The Coastal Plain carbonates are in the Arundel 
formation along the western edge of the Coastal Plain. Hema- 
tites occur in two varieties, red hematite and specular hematite. 
The red hematite occurs in the Clinton formation of the Appa- 
lachian region. The specular hematite occurs in the Piedmont 
in a quartz vein in Carroll County. Magnetites are found only 
in the Piedmont and along the eastern edge of the Appalachian 
region. 
THE LIMONITES. 

The limonites are by far the most important iron ores in 
Maryland. Geologically considered they fall into four distinct 
groups, which, arranged according to their geographical dis- 
tribution in the State from west to east, are the following: (1) 
Devonian limonites. (2) Cambro-Ordovician limonites. (3) 
Limonites associated with the crystalline limestones of the Pied- 
mont. (4) Bog iron ores. 

None of these ores are original deposits, but they are all due 
either to a residual concentration of ferriferous materials or 
to direct replacement of other rock by ferriferous solutions. 
It is also a significant fact that nearly all of these deposits occur 
closely associated with limestone, demonstrating the important 
part played by calcium carbonate in the formation of such iron 
ore bodies. 

DEVONIAN LIMONITES. 


The Devonian limonites are found in the Appalachian region 
in Allegany and Washington Counties. They occur at two 
horizons, at the Helderberg-Oriskany contact and at the 
Oriskany-Marcellus contact. 

Helderberg-Oriskany Limonites——The “ Oriskany ores” of 
Virginia occur at this horizon, but in Maryland it is of no par- 
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ticular importance. There is a promising deposit three miles 
northwest of Hancock but its extent is unknown, as no attempt 
has been made to prospect it. On the west side of North Moun- 
tain is the only occurrence of this ore that has been worked. 


ANALYSIS OF HELDERBERG-ORISKANY LIMONITE.’ 
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Marcellus-Oriskany Limonites—These ores are formed by 
the replacement of the limestone bands near the base of the 
Marcellus and are found at many points throughout the areas 
in which these rocks outcrop. On account of the thinness of 
the limestone bands, usually not exceeding six inches in thick- 
ness, the ores are generally of no economic importance. They 
have been worked in Allegany County near Cumberland, and 
in Washington County southwest of Clear Spring in the North 
Mountain region. In the latter region the deposits attain con- 
siderable size owing to the local thickening of the limestone 
beds into lenses of more than ten feet in thickness. 


ANALYSIS OF MARCELLUS-ORISKANY LIMONITE. 
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CAMBRO-ORDOVICIAN LIMONITES., 


These ores are found in eastern Washington County and 
Western Frederick County. Three types of deposits occur un- 


*The analyses accompanying this article were made in the laboratory of the 
Maryland Geological Survey by Mr. E. G. Zies and Mr. E. E. Gill, of the 
Johns Hopkins University. 
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der this head, the first type includes those at contact of the 
Shenandoah limestone with other formations. The second type 
consists of residual deposits in the limestone itself away from 
other rocks. In the third type are placed those deposits which 
occur in the Cambrian formations apparently unassociated with 
limestone. 

Limestone Contact Deposits ——The limestone contact deposits 
are the most important of the three types of Cambro-Ordovician 
limonites and include the two most extensively worked ore 
bodies in the State—the Maryland Bank on the Potomac River 
northwest of Harpers Ferry and the Catoctin deposits at Catoctin 
Furnace in Frederick County. Moreover, most and especially 
the largest of the deposits under this type are not simple con- 
tact deposits, but are fault contact deposits, as is the case at 
the Maryland Bank and at Catoctin Furnace. It thus follows 
that these deposits attain their chief development in the faulted 
areas of the South Mountain region. West of Hagerstown 
there is a belt of Martinsburg shale crossing the State con- 
formably overlying the Shenandoah limestone, but no ore de- 
posits are known along these contacts. Further west, at the 
edge of North Mountain, where the Shenandoah limestone is 
faulted into contact with the Romney shales, ore deposits again 
occur. The significance of this connection of the ore deposits 
with faults is readily seen from their origin. The leaching of 
the shales in the process of weathering gives rise to ferriferous 
solutions. As these solutions come into contact with the lime- 
stone their iron content is precipitated. If the contact between 
the shales and the limestone is a fault contact, the shattered zone 
thus produced furnishes an area along which there will be 
abundant infiltration of the percolating waters, and as they enter 
this zone, they will deposit their iron content. 

The ores of this, type occur in Washington County along the 
western edge of the Hagerstown Valley at the foot of North 
Mountain where the Shenandoah limestone is faulted against 
the Romney shales; and along the eastern edge of the Blue 
Ridge where the limestone is faulted against the Harpers shale. 
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In Frederick County they occur along the west edge of the 
Frederick Valley at the foot of Catoctin Mountain where the 
limestone is faulted against the Loudon shale. 


AVERAGE OF ANALYSES OF SEVEN SAMPLES OF LIMESTONE ConTAcT LIMONITES. 


DO cs Shaws bs See hee Mea Se ARENDS S65 neo e ss 41.25 
PHD a aii ah ech wmeGe ck Same a taiin sinless 19.92 
= ALR C BRIS Cee ry 69 is, el gen gS rd a ae 6.03 
DIED Finn iis oes ein acs Ise Sows PES ine oo Cee eee are dee 1.12 
ROAD hte Ris Tisicte eee ne aes eo hs Sots .67 
MEAD 0 aoc eh cole sees Cen eR Mines obs 6 eas 56 
RI Re SAE er ee eek oe 50a Sones hireger are a 42 
Stas see ooey etek ate aan es Aaa san .09 


Residual Deposits in the Shenandoah Limestone.—Only a few 
small deposits of this type occur in Maryland and they are con- 
fined to the limestone of the Hagerstown Valley in Washington 
County. 

Limonites in the Cambrian Shales——The deposits of this type 
occur in the western part of Frederick County along the foot 
of Catoctin Mountain and in a small valley parallel to the 
Frederick Valley on its eastern side south of Frederick junc- 
tion. The most important of these are at Point of Rocks where 
an almost continuous series of ore bodies have been worked for 
a distance of over three thousand feet. 


ANALYSIS OF LIMONITE FROM Point oF Rocks. 


BIRD, 6 Xe islaen wun eG eae eee iio hie eT 56s onis 38.50 
SOURDN Se sib a's vw wie Rabie Pion rene ah oe ss We swiss lores 21.23 
PAROS sot his bendy Chee eee e mers ousise cr bates 5.12 
BURLY. scone vis mAh tebe Seah vis ook ikle wa kles 2.11 
Re nein dinie obo —eiera 4 ote Bec elo ye hess oinle'S W's win give aay, 
Re ir el oi ele ree ee eee .06 
RBTUICION Hove sre svatcansee ence ett octets Son ss 12.33 


LIMONITES ASSOCIATED WITH THE CRYSTALLINE LIMESTONES 
OF THE PIEDMONT. 


The limonites associated with the crystalline limestones of 
the Piedmont form the most important class of ore deposits in 
the State. They fall into two distinct groups. In Carroll and 
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Frederick Counties they occur at or near the contact of the 
limestones with schistose volcanic rocks of Archean age. In 
Harford and Baltimore Counties they occur either at or near 
the contact of the limestones with quartzites and schists prob- 
ably of Cambrian and Ordovician age, or on the limestones 
overlain by the Lafayette formation of Pliocene age. 

Limonites of Carroll and Frederick Counties——The ore de- 
posits of this group are found in what is known as Bachman 
Valley, which extends from Lineboro at the State line, to West- 
minster in Carroll County, and continue for some miles to the 
southwest into Frederick County. The greater part of the area 
is underlain by acid and basic schistose rocks of volcanic origin. 
Within this area of volcanics the limestones outcrop in a series 
of narrow strips in the stream valleys where they have been 
brought up by sharp anticlinal folds and the overlying volcanics 
eroded through. It is along the edges of these limestone out- 
crops that the ore deposits occur. Nearly all of them are 
located in the volcanics at the contact with the limestones. 
There are a few that do not occur at surface contacts but these 
are usually on the continuation of the strike of an outcrop of 
limestone or in some other position which makes it probable 
that the limestone occurs but a short distance below the surface. 
The volcanic rocks at the ore deposits are thoroughly leached 
and disintegrated and readily fall apart into a peculiar lead gray 
paper shale. 

Recent prospecting in the Bachman Valley has disclosed a 
number of new deposits and this is one of the most promising 
areas in the State. 


AVERAGE OF ANALYSES OF SIX SAMPLES OF BACHMAN VALLEY LIMONITES. 


MN Cee hive Sera G5 Uh 6:0re's Gls Sia oh ab 9 Calle w Woe Sse 48.53 
MARA Ce Sx G2 55. de b OAs Ho. Cle bo CORTE ODS Oeleeees 6.37 
Al.Os Ee ST EEE A ER URGOR TELE CER ERE EO 4.1 6 
GTEC Pee 0a ebhd wide hele vars SEAMS Me tna Mes 69 
U1 OE NS ee een eee Cer or .30 
PSE? AOS 3 eet AEE RICCO ICE Ren eee 2.06 
Pee Mee TAME Sis Veale bre VEN ENA Ie Th OTE Cae 1.19 
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Limonites of Baltimore and Harford Counties.—These de- 
posits geologically considered comprise two groups. The first 
group consists of those deposits occurring at the contact of the 
limestones with the underlying Setter’s quartzite and the over- 
lying Wissahickon schist. They are found in both Harford 
and Baltimore Counties. The second group consists of deposits 
occurring in the limestones themselves with a covering of 
Lafayette sand and gravel. These are confined to Baltimore 
County. 

(a) The Contact Deposits—The contact deposits are most 
numerous in the limestone areas of Baltimore County and Har- 
ford County in the northern and northwestern part, farthest 
removed from the Coastal Plain. The most extensively worked 
deposits of this group were those at Oregon in the Washington 
Valley in Baltimore County. 


AVERAGE OF Two ANALYSES oF Contact Deposit LIMONITEs. 


BO Gav sdiipe dish pobue nee eerh ele teen tess 52.80 
SiO. PUTTER Ee Tee TE eR ee 8.01 
AlsOs wie 6 hae awh bd wie a OTE STORE STE STONE Eo SIS TE wk 8 4 2.98 
BURR ies war D EE Meek c ctesiohenile bios kee le little 
ST Se eS ee ee DL Suen ner 44 
PD suis aciasepe seb acis Seth mae RN SAT Meds Ss 4% 12 
IPUNON 252. caer occu costes eaicsanes sane ke 12.33 


(b) Deposits Overlain by the Lafayette Formation—These 
deposits derive their iron content from the iron originally con- 
tained in the Lafayette materials. As waters percolated through 
these loose ferruginous materials, the iron was leached out of 
them. When the iron bearing solutions came into contact with 
the underlying limestone, their iron content was precipitated. 
In this way many pockets of ore have been formed under the 
capping of outliers of the Lafayette formation. Deposits of 
this kind were worked at many points at and to the northeast 
of Lutherville and to a small extent in the vicinity of Towson. 


ANALYSIS OF ORE OVERLAIN BY LAFAYETTE FORMATION. 
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PMO Tasted gti escneeh- 6:58:66 46ib atte wey Resierstewies a. tor 4.95 
LS CS) ee ee er little 
TRS a areieretslalercibp. athe 6yie'sia 62.6 aoe vee ein as oee ree Heres .22 
OOM Aiko sce uaa ccedaweesccbones eoduwes 08 
AGIEION 56 sig uiiis ose s 3.6669 waedia ow aie beoins 00 0's 11.64 


BOG IRON ORES. 


Little is known at present as to the occurrence and extent of 
bog ores in Maryland. A furnace was formerly run on these 
ores in the extreme eastern part of the State, in Worcester 
County near Snow Hill. 


THE CARBONATES. 
CARBONATES IN THE APPALACHIANS. 


The carbonate ores of the Appalachian region occur in the 
Coal Measures as “clay ironstone” and as “ blackband.” The 
blackband ores are of no importance in Maryland and appar- 
ently have never been mined. The clay ironstone occurs abun- 
dantly as nodules in the shales of the Coal Measures, but the 
layers are very irregular in thickness and extent. On the 
weathering of the shales the concretions are concentrated at the 
surface, and as these surface concentrations are exposed to 
weathering they alter to limonite. A large part of the ore 
that has been mined from these horizons in Maryland consisted 
of such altered ore. The following analyses of clay ironstone 
ores, one from Allegany County and one from Garrett County, 
show a fairly uniform composition. 


ANALYSES OF CLAY IRONSTONE. 


Garrett Co. Alleghany Co, 
Cha carotene ri virc cw Sessa Med 34.58 36.05 
Sig riscren ticeta pause es rashes 13.78 13.53 
PUD cites Miwa easily a4. 6 wien e960 4.29 6.47 
DESL eS ABC Ur ele eile Dees vie bie cows ge sie Ceus 1.36 04 
Meads Salsa RMN Pichia is/y-e Saree ewe .08 
Beh ae RRR C8 cla la atare waa aele bia .49 .42 
COT Ch ae ee ee ens” a 25.02 


When these ores were mined they were usually roasted before 
being put in the furnace, so that they ran about 47 per cent. Fe, 
and were practically free from sulphur. 
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Although the Coal Measures occur in five basins in Maryland, 
iron ores have been worked in only two of these, the Lower 
Youghiogheny and the George’s Creek. The ores occur at many 
horizons throughout the Coal Measures, but those of the Potts- 
ville formation are of little importance. In the Lower Youghio- 
gheny basin the Allegheny formation and the lower part of the 
Conemaugh formation are the ore bearing horizons. In the 
George’s Creek basin both the Conemaugh and Monongahela 
ores are important. The horizon that has yielded the most 
ores in this basin is a bed varying from eighteen inches to four 
feet thick, fifty to one hundred feet above the Pittsburg coal. 


CARBONATES IN THE COASTAL PLAIN. 


The carbonates of the Coastal Plain occur in the Arundel 
formation which is the upper member of the lower division of 
the Potomac group, and are hence either of Upper Jurassic or 
Lower Cretaceous age. They occur as a series of large and 
small lenses of iron ore bearing clays which occupy uncon- 
formably ancient depressions in the surface of the underlying 
Patuxent formation. Scattered through these clays are vast 
quantities of nodules of iron carbonate, at times reaching many 
tons in weight. In the upper portion the carbonates have 
weathered to limonite. 

These ores occur along the western margin of the Coastal 
Plain and have been worked at many points from Cecil County 
to the District of Columbia. The famous Muirkirk iron is 
made chiefly from these ores. 


THE HEMATITES. 


RED HEMATITES OF THE APPALACHIAN REGION, 


The red hematites of the Appalachian region occur in the 
Clinton formation and are generally known as the Clinton ores. 
With the exception of two small outcrops in Washington County 
west of Hancock, which are of no economic importance, the 
Clinton ores are confined in Maryland to Allegany County, flank- 
ing three anticlinal folds, forming Wills, Tussey and Evitts 
Mountains. 
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The ores occur at two horizons, each of which has its char- 
acteristic ore. Both appear oolitic; but the upper ore which 
occurs at the top of the Clinton is very fossiliferous, whereas 
the lower ore which occurs at from 120 to 160 feet above the 
base of the Clinton carries but few fossls. The thickness of 
the upper ore varies from four to nine inches. It occurs about 
the top Clinton sandstone and is usually separated from it by a 
bed of impure silicious limestone. The ore grades into the 
underlying limestone and frequently contains fragments of unre- 
placed rock. The amount of this ore calculated to a depth of 
a hundred feet is about 1,200,000 tons. The lower ore usually 
consists of two beds separated by a shale parting of variable 
thickness. In the western part of the County the total thickness 
of the ore beds reaches as much as thirty feet, coming eastward 
the thickness decreases to six or eight feet. The seeming oolites 
are merely more or less rounded, water-worn quartz grains which 
are held together in a matrix of ferric oxide. The composition 
of this ore shows that it can hardly be looked upon as more than 
a highly ferruginous sandstone. Its amount calculated to a 
depth of a hundred feet is about 24,000,000 tons. 


ANALYSES OF CLINTON OREs. 


Average of Two Analyses 


Upper Ore. of Lower Ore. 

BO! canis ovic tamed este 0aaessiee Casas 37-37 22.75 
DA 9 ne 6 HON RGL ESD Su wOd.s de ele woae 15.05 53.30 
PROS! io 50.6 0b Aa Wore 50:0 0.4 abe a cies 9.89 3.31 
Co" ANAC 1S ee 9.09 

DED a Fae k sieewns Saas as a0 Sao 93 

MDD ore ae eee senda sie S205 9 S05 .30 .22 
SL iaioi6 oS e Saale Gaia oie hose wie Sibcese ws .06 05 
By Nae iols cite VEE MOMIE MO RILS.* sibivies <Ke.0 51 .23 
BANGOR iis <aa saws teow Sesieen teeta ia 10.41 5.06 


Mining has been confined to the upper ore and also to the Wills 
Mountain area. On the east limb of the Wills Mountain anti- 
cline the entire surface outcrop has been mined by stripping and 
considerable underground work done. On the west limb the ore 
has been mined for over a mile along the outcrop in the neighbor- 
hood of Cumberland. 
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A discussion of the origin of the Clinton iron ores in Mary- 
land is far beyond the limits of this paper. This question will 
be fully discussed in the report on the iron ores of Maryland to 
be issued by the Maryland Geological Survey. The evidence 
now at hand is all in favor of original deposition for the lower 
Clinton ore and seems to indicate a replacement of limestone by 
iron bearing solutions as the origin of the upper ore. 


SPECULAR HEMATITE OF THE PIEDMONT. 


The specular hematite of the Piedmont occurs in Carroll 
County and extends from Sykesville to Finksburg. The ore is 
a vein deposit with quartz gangue, in a country rock of mica 
schists weathering to talcose and chloritic schists. The dip of 
the vein is nearly vertical, and its width varies from almost 
nothing to over fifteen feet. 

To the south the iron occurs principally in the form of specular 
hematite; proceeding north, magnetite appears, and at Finksburg 
it is almost entirely magnetite. A sample of the ore taken from 
an outcrop of the vein at the Springfield Mine near Sykesville 
showed the following analysis : 


ANALYSIS OF ORE FROM SPRINGFIELD MINE. 


BE Ais Nicla side Sic Bee SRG eee ois Gi esse sbi. 6 os Wisk 46.77 
BSE Da c's Sc se'nlow Sale Nie mone Be Inae sep s 5 4 Wide woe 30.66 
PAID. 5 oie to.y ce eRe hates tee ee Se aeis eiis wN'D ofoloe ed 1.89 
BEN. xcs s caicc be ee Mee eR REE TUR NN Norra eae eases 18 
Rech. 08 3 Ode CRE SES RR SE Ge Rees SOIL ES eS oupcers .II 
BD ).Lis.25 5X wikis we RES OM SRE NEES Died s DPste aisle e's tin% 05 
MSAMUION .:i.scsivie ee sae Sis sin wikwe 6 eiceis 43 


In addition to the hematite and magnetite a small amount 
of chalcopyrite also occurs in the vein at the surface and the 
ore is frequently stained by copper minerals where it is weathered. 
With increasing depth the importance of the copper sulphide in- 
creases until the ore becomes a copper ore. At the Springfield 
Mine, the most southerly opening, the copper values exceeded the 
iron at a depth of about one hundred feet. To the north the 
copper becomes abundant near the surface, and at Finksburg 
practically extends up to the surface. 
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Several iron mines were opened on this vein but all of them 

soon became copper producers; and, on account of the small 

depth to which the iron extends the value of the deposit lies 

in its copper content. 

THE MAGNETITES. 


The magnetites of Maryland are confined to the Piedmont area 
and a strip along the border of the Piedmont and Appalachian 
areas at the eastern edge of the Blue Ridge Mountain. They 
occur in three distinct groups, the magnetites in the Loudon 
formation, those in the schistose rocks of the Piedmont, and 
those in the serpentines of the eastern Piedmont. Of these 
groups the Loudon magnetites are by far the most promising. 


MAGNETITES IN THE LOUDON FORMATION. 


The magnetites in the Loudon formation occur along the 
east edge of Catoctin Mountain in Frederick County. The first 
hill of Catoctin Mountain on the east is formed by an anti- 
cline of Weverton sandstone which overlies the Loudon forma- 
tion. Six miles southwest of Thurmont the Weverton sand- 
stone at the top of the hill has been cut through by erosion, ex- 
posing the underlying Loudon formation and the iron ore bed 
which it contains. At the foot of this small hill the Loudon 
formation is again brought to the surface by a sharp anticlinal 
fold pitching to the west, the eastern limb of which has been 
cut out by a fault running along the foot of the Mountain. 
Three miles northeast of Thurmont on the limb of this over- 
thrust fold the magnetite bed again outcrops. These are the 
only known exposures of the ore; and, therefore, to determine 
the extent of the bed, a magnetic survey would be necessary. 
Since, however, it is a bedded deposit, it is extremely probable 
that the deposit is continuous between these points and extends 
for some distance beyond to the northeast and southwest, form- 
ing an extensive ore body. 

The strata associated with the ore bed consist of dark blue 
shales carrying disseminated fine grained magnetite and some 
pyriie, the latter usually weathered to limonite. Between these 
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strata is a bed six feet thick which is richer in magnetite. The 
rock forming this bed is coarser than the shale and consists 
chiefly of grains of quartz and magnetite crystals, the latter also 
of larger size than those in the shales. A sample of the ore 
showed the following composition : 


ANALYsIs OF LoupoN MAGNETITE. 


BBS ss cots sig Sik is Sh ON A Rie eis oles ea eeare aun eee ae es 35.02 
CPI pn tate ah 8 ek Pee ao earned ne 33.82 
PGs 2 5s bide sk bag Ria eee RS ae as Sass aN 9.43 
RAD 1 x515.scesa\s nie soem Seen pee e R:oa sie ea 1.04 
DARIUD:. 15% -.kssv oc eohelaele Pa RAR eis eRe oe eA ws oes 1.50 
DE os Gk BM e glowing nce eb ANNs lee wae tie .16 
BD  oiirs 505s wid fe a's Boa wa RTe BURGE OA Rn iaatsoReee 04 
RR tee oR res 255, 58194 te eee ee ae 
DRPONION 550.5 Seu Salone bea ue Thais ue Sioa 1.98 


In order to use these ores they would have to be concentrated. 
Mr. John Birkinbine in a report on the Catoctin property says: 


An investigation made in 1896 showed that of the material claimed to 
represent the average of what could be economically mined, about one- 
third could be converted to concentrates. The size of the magnetic 
particles, however, is such that these would have to be briquetted at an 
additional cost. The analysis made of carefully separated ore indicates 
a satisfactory composition: 


ANALYsIs OF LoupoN MAGNETITE CONCENTRATE. 


BE ae ca 5 slacoe eee wee Re eosin Gas Cakes 65.20 
DSADb bss xive ws 65s su eens aie Renee ediseh S eeews 6.25 
Rod bi nei stele arate sinibis SmI ERIN cies pesisie oie .028 
BS b's biv's 5 5 se SR wee RE Ra hs ta ita a into fotos 08 .038 


Hence although trade conditions would hardly justify the work- 
ing of this deposit at present, it must be looked upon as one of 
the important deposits of the State, and one that will furnish 
considerable ore in the future. 


MAGNETITES IN THE SCHISTOSE ROCKS OF THE PIEDMONT. 


The magnetites in the schistose rocks of the Piedmont occur 
in the sheared volcanics in southern Frederick County, and in 
the Wissahickon schists in Howard County near Hood’s Mill 
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and in Harford County near Shawsville. These rocks through- 
out their extent frequently contain magnetite abundantly dissemi- 
nated through them, and at a few points this has become suffi- 
ciently concentrated to give rise to an ore body of small extent. 
Several limonite deposits in these regions are probably the result 
of the weathering of such magnetite deposits. 


MAGNETITES IN THE SERPENTINES. 


The magnetites in the serpentines occur in the serpentine areas 
of northeastern Baltimore and northern Harford Counties. 
This region is an extensive area of Wissahickon schist into which 
the serpentine has been intruded and is now exposed in small 
lenticular patches. These serpentines were formerly important 
sources of chrome ore. In addition to the chrome, small de- 
posits of magnetite have also been found. They are magmatic 
segregations occurring near the periphery of the serpentine 
masses. An analysis of a sample of this ore is given below. 


ANALYSIS OF MAGNETITE IN SERPENTINE. 


Ge eee rentoeoleed aig ols tha ea tee sins ewes Coat 30.36 
SLD ran ae nete oes aie Caos. .ae an REUTER wae 20.96 
He \i 10 Fre Aah Ae aA sia oe SaaS eS Da Par oo ag ena 12.54 
10 A She Gr RRA Sree Oren tr RE Bote ps little 
eS ered le ie vcrs AI inary 1a iva loin we. 1G Dereaytinelo SISTINE .06 
SS Samii cs arsine ics since ey er a vies Ad ialo melee aaiets .16 
POTICION osha Uaeahi sigs boone a ee R eea.8.s Sestak ents 5.54 


These magnetites also all contain a small amount of titanium. 

The deposits that have been worked were all of small extent 
and this type of magnetite deposits does not seem to attain any 
importance in Maryland. 











SOME OBSERVATIONS ON THE TELLURIDES. 
Victor LENHER. 


INTRODUCTION. 


In 1782, Miiller von Reichenstein! in examining the Sieben- 
burgen, Transylvania, gold minerals, which had been known as 
Weissgolderz, Aurum paradoxicum, metallum vel aurum prob- 
lematicum, discovered the presence of a new metal similar in 
many respects to antimony and bismuth. Bergmann confirmed 
this discovery, but had too little material in hand to decide 
whether it was a new metal, or if it were antimony. In 1798 
Klaproth? presented to the Academy of Science in Berlin a 
description of the new element which he named tellurium, and 
gave the first accurate differentiation of the element from anti- 
mony. Klaproth clearly showed this difference, and further 
showed the presence of the new element in the principal minerals 
of Transylvania. 

The first accurate study of the properties of tellurium and its 
compounds was carried out by Berzelius,? who published two 
papers in 1834 in which he gave a systematic description of the 
chemistry of the element. 

Thus far tellurium itself has found little application in the 
arts or industries. A use of potassium tellurate has been made 
on limited scale as a preventative of night sweats in con- 
sumptives. While the physiological action of tellurium deriva- 
tives resembles that of arsenical compounds, the general applica- 
tion for medical purposes will always meet with the objection in 
the fact that the introduction of tellurium compounds into the 
body, results in the production, from contact with tissue, of 

*“ Phys. Arb. eintracht. Freunde Wien,” 3, 48, 1785. 

® Sitsber. Ak. Ber., Jan. 25, 1798. Beitrage, 3, I., 16, 20, 26, 1802. Crell. 

Ann., I., 98, 1708. Gilb. .4nn., 12, 246. 


* Ann, de Chem. Phys., 2, 58, 113 and 225, 1835. Pogg annal., 32, I., 577, 
1834. Kongliza Svenska Vetenskaps Akademiens Handlingar, 1833, 227. 
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methyl telluride which possesses a very offensive and persistent 
garlic-like odor. In the patient this manifests itself in the char- 
acteristic “tellurium breath.” 

In metallurgy thus far no valuable properties have been found 
for the element or its alloys; indeed its general presence in 
alloys or in metals is objectionable rather than otherwise in that 
it tends to cause brittleness and diminished tensile strength. 


OCCURRENCE. 


Native tellurium occurs in the Transylvania gold deposit along 


. with quartz, pyrite and gold. In like association it occurs in 


Boulder County, Col., and in the Cripple Creek District, Col. 
Selen-tellurium is a mixture of the two elments that frequently 
contains as high as 30 per cent. selenium. Tellurium is fre- 
quently associated in nature with gold, in fact the tellurium 
metals are generally gold bearing. 

Calaverite, AuTe,, sylvanite, AuAgTe,, and krennerite, 
(AuAg)Te,, are the best defined gold-bearing tellurides. Cal- 
verite is a silver white or slightly bronze colored mineral. It 
contains from 38.75 to 44.03 per cent. of gold and 0.90 to 
3.52 per cent. silver. The formula AuTe, requires 43.59 per 
cent. gold and 56.41 per cent. tellurium. This mineral contains 
a higher percentage of gold than any other telluride. Its crystal 
form shows either monoclinic or triclinic symmetry. A detailed 
study of the crystal faces of calaverite has been made by Pen- 
field and Ford’ and they state that “ The crystals seem almost to 
present a contradiction to some of the laws of crystallography.” 

Sylvanite, one of the most common tellurides of Colorado and 
Australia, is the mineral in which tellurium was first recognized 
by Miiller von Reichenstein. It was named after Transylvania, 
in which country it was first discovered. The name sylvanium 
was one of the first to be proposed for the metal, tellurium. Its 
crystal form is monoclinic. 

Krennerite is an orthorhombic telluride of white to bronze 
color. It is found at Nagyag in Transylvania, Cripple Creek, 


*Am. Jr. Sci., Sept., 1901, 225. 
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Col., and in the Great Boulder Reef in Australia. Its composi- 
tion is variable, the mineral containing from 39.14 to 62.16 per 
cent. tellurium, 0.46 to 19.44 per cent. silver, 24.45 to 44.03 per 
cent. gold, with lead and antimony in varying proportions. 

Of the tellurium minerals which are not so well defined or are 
not as plentiful, the number is large. Nagyagite was first found 
at Nagyag, Transylvania, but has since been found in the various 
tellurium districts such as Offenbanya, Hungary; Cripple Creek, 
Colorado; Kings Mountain Mine, North Carolina; Fredericks- 
burg, Virginia; and on Tararu Creek, New Zealand. Kalgoor- 
lite is a telluride of gold, silver and mercury. It is a dark- 
colored telluride which occurs in the Coolgardie gold field in 
Western Australia. Its exact mineralogical composition is un- 
certain. Coloradoite is a massive telluride of somewhat similar 
character to Kalgoorlite. Genth regarded Coloradoite as tel- 
luride of mercury, but by reason of its content of gold and 
silver it may be regarded as related to kalgoorlite. Hessite is a 
native isometric Ag,Te, altaite is isometric PbTe, tetradymite is 
the rhombohedral telluride of bismuth Bi,Te;. Wehrlite and 
joseite are tellurides of bismuth which contain sulphur and selen- 
ium, melonite is the reddish white hexagonal telluride of nickel 
Ni,Te,. Stutzite is a rare telluride which approaches in com- 
position Ag,Te. Rickardite is Cu,Te,. Topalpite is a sulpho- 
telluride of bismuth and silver. 

In the oxidized form, tellurium occurs as tellurite or tellurium 
ochre. The mineral is the dioxide of tellurium. It is orthor- 
hombic and has been found in the Transylvanian telluride de- 
posits and in the Boulder County, Col., mines. The tellurites 
and tellurates which have been found are few in number and 
are closely related to telluride deposits. Like tellurium ochre 
they are probably incrusting oxidation products. Montanite, 
the tellurate of mercury, is considered by Genth to be a decom- 
position product of coloradoite. It has been found in the 
Magnolia District, Col. Durdenite and emmonsite are hydrated 
ferric tellurites. Ferrotellurite, another rare tellurite, is con- 
sidered either to be ferric tellurite or tellurium oxide colored 
yellow by ferric oxide. The data regarding it are very meager. 
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The tellurium minerals from the earliest observations have 
been observed to be gold bearing. The districts in which they 
are found are all noted gold districts; indeed the gold mines of 
the Cripple Creek district and of Boulder County, Col., those of 
the Great Boulder Reef, Australia, and those of Transylvania 
depend largely on the tellurides for their precious metal values. 
These minerals contain gold so consistently that gold may be 
considered as a constant associate of tellurium minerals. In the 
Cripple Creek district and in Boulder County, Col., native 


tellurium is found. This tellurium always carries gold values, 


some of it like that of the Clarissa Tunnel in Boulder County 
runs as high as three per cent. in gold, while again the native 
tellurium will be found to be very low in gold. 

The regularity with which gold accompanies tellurium and the 
tellurium minerals of whatever character is so consistent that 
when tellurium is found in any new locality, one of the first 
natural things is to have assays made for gold values. While 
this occurrence of gold with tellurium deposits has long been 
noted, it is not at all necessary that gold deposits should contain 
tellurium; in fact on the whole this association may be con- 
sidered exceptional. The Mother lode of California in most 
places where the gold values are the highest are not tellurium 
bearing, and other instances of gold deposits which are tellurium 
free are too numerous for mention. Placer deposits are quite 
unlikely to contain tellurides on account of the brittle character 
of these minerals. 


LABORATORY EXPERIMENTS ON THE TELLURIDES. 

It has been the writer’s good fortune at various times to study 
the different tellurium minerals in the laboratory from a chemical 
standpoint with the view to contributing, if possible, to the 
general knowledge of how they are deposited in nature. The 
general method of procedure in studying reactions of various 
kinds with minerals is to first make such preliminary studies with 
the available stronger reagents, and with much more violent 
reactions than would likely take place in nature. For the reac- 
tions which may properly be called rapid and violent in the 
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laboratory frequently give a clue to slow and less violent natural 
geological processes. c 

With this view in mind a series of systematic experiments have 
been conducted on the tellurium minerals and on their con- 
stituents with the hope that some light might be thrown on their 
deposition or on the chemical constitution of the minerals them- 
selves. 

The solution of the constitution of minerals is a problem of 
such difficulty that thus far little has been accomplished. The 
silicates have received a great deal of study through the valu- 
able contributions of Clarke. Pyrite and marcasite have re- 
ceived a large amount of attention by Stokes. From time to 
time a large. number of the minerals have been synthesized, yet 
but few of the experiments which have been made throw any 
light on the manner in which the constituents are combined. 
This is not so remarkable when we consider that our knowledge 
of the constitution of even the best known of the inorganic com- 
pounds is indeed very limited, and certainly incomparable with 
that of our knowledge of the organic compounds. The recent 
classical work of A. Werner, “ Neuere Anschauungen auf dem 
Gebeite der anorganische Chemie,” in which the constitution of a 
large field of inorganic derivatives is discussed, clearly illustrates 
the vast field of unsolved problems on the constitution of the 
well-known inorganic compounds. 

The methods which are available for the study of the con- 
stitution of chemical compounds in general may be said to con- 
sist in analysis, synthesis and various methods of decomposition. 

A study of the tellurides reveals at once how difficult a sub- 
ject this is to approach. Some of them, for example, the 
tellurides of lead, nickel, cobalt and silver preserve a tellurium- 
metal ratio corresponding to the valences of the respective ele- 
ments expressed in their simplest form, while the gold tellurium 
minerals express ratios of valence which are not consistent with 
the ordinary valences of gold or tellurium. Tellurium shows 
the valence of two in its only hydride and the hydrides in gen- 
eral are usually taken as the parent substances to which binary 
compounds are referred. Gold forms derivatives in which it 
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SOME OBSERVATIONS ON THE TELLURIDES. 549 


shows the valences of one or three. None of the natural gold 
tellurides can be considered to show these simple valences. 
Calaverite has the composition AuTe, and if we attempt to make 
a graphic representation of its formula, we are likely to arrive 
at some such formula as 


pe 
Au 
\te, \te, 


Te Te 


fre / 
Au 


Au u 
\te or \Te 


A 


That of krennerite (AuAg)Te, would be practically identical, 
while that of sylvanite would have to show some such con- 
figuration as 


in order to be consistent with the usually conceived valence of 
silver. 
In the case of hessite the formula, 
Ag 
Te 

Ag’ 
is thoroughly in keeping with our knowledge of silver and of 
what we should expect to be the formula of a body derived from 
hydrogen telluride which can be best represented by the formula 


H 
Te 
H/ 

It is thus impossible to deduce from the empirical formula as 
derived from analysis of the minerals, any configuration which 
will throw light on the constitution of the minerals. On the 
other hand, the tellurides of other metals than gold seem to 
show the rational valence of tellurium and metal that are fami- 
liar in the common types of compounds. 

Again, the methods which are available for the preparation of 
the tellurides of the metals other than gold are the conventional 
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methods which are used for the formation of sulphides. If, 
however, these methods are applied in attempting the formation 
of gold telluride, total failure in preparing a definite compound 
results. 


A STUDY OF SOME REACTIONS OF TELLURIUM, SELENIUM, WITH 
SPECIAL REFERENCE TO THE TELLURIUM MINERALS. 


Tellurium and Gold Solutions—In 1828, N. W. Fischer 
(Pogg. Annal., 12, 502) found that tellurium reduces the salts 
of gold, silver, platinum and palladium, when introduced into 
their solutions. He considered the reduction as incomplete in all 
cases, but that the reaction of gold solutions was the most 
rapid, the reaction in this case being stopped by the tellurium be- 
coming coated with metallic gold which prevented further action 
even at high temperature. It has been found! that when metallic 
tellurium is treated with a chloride of gold solution, metallic gold 
is deposited according to the equation 


4AuCl, + 3Te=4Au + 3TeCl,. 


The reaction is greatly accelerated by warming the solution, and 
if the gold chloride is in excess and sufficient time is allowed, the 
tellurium completely passes into the solution leaving fine gold as 
a precipitate. On the other hand, if tellurium is introduced into 
a gold chloride solution in greater quantity than that necessary 
to precipitate all of the gold, the yellow gold solution will soon 
become completely bleached and on examination will be found 
to contain no gold. The action of the tellurium on the gold 
solution is fairly rapid; warming the solution a few minutes 
will bring down sufficient gold to color the tellurium yellow, 
but in order to insure a complete reaction two or three hours 
continuous heating are necessary or several days contact at room 
temperature. In order to obviate the difficulty of incomplete 
reduction noted by Fischer, it is only necessary to reduce the 
tellurium to a fine state of division and allow a sufficient time 
for reaction. When such conditions are fulfilled, the deposition 


*Lenher, Jr. Am. Chem. Soc., 24, 355. 
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of metallic gold by elementary tellurium is quantitative from 
either acid, neutral or alkaline solution. 

Tellurium and Silver Solutions——The reaction’ between silver 
salts and elementary tellurium results in the formation of silver 
telluride. Silver nitrate solution in contact with elementary 
tellurium which has been reduced to a fine state of division will 
in eight or ten days yield silver telluride according to the equa- 
tion 

4AgNO; + 3Te=2Ag,Te + Te(NO3),. 


The reaction proceeds more rapidly if the solution is kept boiling 
or is maintained at a temperature of 80°. Silver chloride dis- 
solved in ammonia will on contact with tellurium produce silver 
telluride, thus, 


4AgCl + 3Te==2AgoTe + TeCl,. 


> 


In studying these reactions in ammoniacal solution, it has been 
observed that if silver nitrate dissolved in ammonia is allowed to 
stand for several days, or if the solution is kept warm for a 
considerable length of time, a black deposit which is probably a 
nitride of silver separates out. When silver chloride in am- 
monia is used in this reaction, an excess of ammonia is desirable, 
and the reaction is best carried out at room temperature. With 
silver nitrate in aqueous solution a greater range of temperature 
is possible, in fact the solution can be boiled continuously. The 
resultant precipitate, if extracted several times with ammonia, 
will lose any silver telluride held mechanically or formed in the 
reaction. With due regard to the above precautions it is possible 
to obtain a good preparation of silver telluride by the action.of 
elementary tellurium on silver solutions. 

Selenium and Gold Solutions.—Pure selenium acts with gold 
solutions in a manner similar to that of tellurium, the reaction 
being, however, very much moderated. The fused variety of 
selenium does not reduce gold at the ordinary temperature. In- 
deed one experiment was made allowing the selenium to remain 
in contact with the gold solution for three months without visible 
change. At the boiling temperature, the reaction proceeds nearly 
Hall and Lenher, J. Am. Chem. Soc., 24, 918. 


552 VICTOR LENHER. 


as rapidly as with tellurium, and takes place in a perfectly an- 
alogous manner, the reaction being expressed, 


3S5e + 4AuCl, = 3SeCl, + 4Au. 


In order to secure complete action it is necessary that the 
selenium shall be in a fine state of division, and that sufficient 
time shall be allowed in order that complete contact may be 
assured. It is necessary for the solution of the gold to be boiled 
with the selenium for six to eight hours, or the gold solution 
should be allowed to be in contact with the selenium for two or 
three days at from 70° to 80°. The reaction then between 
selenium and gold solutions results in the quantitative precipita- 
tion of metallic gold. 

Selenium and Silver Solutions——Parkham! observed that red 
selenium is blackened in a solution of silver nitrate, selenious acid 
being formed at the same time; after the latter had been removed 
by sodium hydroxide, the black powder remaining contained 
selenium and silver, but no unchanged selenium could be detected 
with the microscope. Sendersens? found that selenium would 
reduce a boiling solution of silver nitrate, either dilute or con- 
centrated, with the formation of silver selenide and selenium 
dioxide. The statement of Parkham is obviously in error in 
regard to a precipitate of selenium dioxide in aqueous solution 
inasmuch as selenium dioxide is readily soluble in water. 

The action of selenium on silver solutions is quite similar to 
that of tellurium but is not as energetic. Selenium reduces 
solutions of silver nitrate or of the chloride in ammonia, either 
in the cold or on heating, with formation of silver selenide. As 
might be expected the reaction is materially accelerated by heat. 

Reaction of Tellurium Minerals with Gold Solutions.—The 
tellurium gold minerals, calaverite, hessite, nagyagite, as well as 
native tellurium, all precipitate metallic gold from a solution of 
the chloride. In fact they deport themselves toward gold solu- 
tions precisely as elementary tellurium does. When the tel- 
lurium mineral is in excess the yellow gold solution is bleached 


*Chem. Cent., 33, 813. 
* Compt. rend., 104, 175. 
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to a colorless solution which contains no gold, while if the gold 
chloride is in excess, the amount of gold precipitated is in pro- 
portion to the quantity of tellurium and selenium present. 

It is obvious that these natural tellurides act toward gold solu- 
tions unlike chemical compounds of gold and tellurium, since we 
know of no true chemical compound that can precipitate one of 
its constituents in such a manner as takes place with the natural 
tellurides and gold solutions. 

Action of Various Reagents on the Tellurides.—It is possible 
to convert elementary tellurium into the tetrachloride by the 
action of sulphur monochloride.*’ Under similar circumstances, 
gold is not readily acted on. It is therefore possible to make use 
of this reagent with the tellurides. The entire series of gold 
tellurium minerals when treated with sulphur monochloride lose 
their tellurium content, leaving gold as a residue along with such 
silver as may be contained. 

Such a reagent as nitric acid or hot sulphuric acid will liberate 
the gold, dissolving as nitrate or converting into sulphate the 
tellurium and silver. 

At my suggestion, Dr. C. A. Tibbals, Jr., has made some ex- 
periments with the tellurides and certain oxidixing agents. 
Brauner® has shown that potassium permanganate and potassium 
bichromate, in either acid or alkaline solution oxidize tellurium 
dioxide to the trioxide. In view of these reactions and consider- 
ing the general ease with which elementary tellurium oxidizes, 
Dr. Tibbals investigated the reactions of these oxidizing agents 
on tellurium itself, after which the natural tellurides were studied 
with the same reagents. Elementary tellurium when boiled for 
many hours with an alkaline solution of potassium permanganate 

is oxidized to tellurium dioxide or alkaline tellurite. The re- 
action proceeds slowly either with finely powdered fused tel- 
lurium or with the freshly precipitated element. The ratio of 
tellurium to potassium permanganate as shown in Dr. Tibbals’s 
experiments corresponds to the equation: 


3Te + 4KMnO, = 3TeO, + 4MnO, + 2K,0. 


*Lenher, Jr. Amer. Chem. Soc., 24, 188. 
? Brauner, Jr. Chem. Soc., 59, 58, 238 
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Brauner has found that tellurium dioxide in alkaline solution is 
readily oxidized to the trioxide by potassium permanganate at 
60°, thus, 


2K MnO, + 3TeO,= 3TeO, + 2MnO, + K,O. 


In the experiments of Dr. Tibbals it was shown, and Brauner has 
indicated, that boiling even for a few minutes decomposed the 
tellurate formed. The two oxidizing agents, permanganate and 
tellurate when boiled together yield oxygen and in turn go to 
manganese dioxide and tellurite. 

Potassium bichromate of tenth normal strength acts very 
readily upon tellurium, oxidizing it in the cold, and will com- 
pletely dissolve relatively large pieces of tellurium. It was found 
convenient to carry out the reaction in dilute sulphuric acid solu- 
tion. The reaction proceeds thus: 


Te + K,Cr,0, + 3H,SO,—K,TeO, + Cr.(SO,), + 3H,0. 


Action of Permanganate on Tellurides——Krennerite and per- 
manganate. A weighed sample of selected krennerite from 
Cripple Creek was finely powdered and treated by Dr. Tibbals 
with a boiling alkaline solution of standardized potassium per- 
manganate for fifteen hours. At the end of the time, the solu- 
tion was cooled, acidulated, a weighed excess of ferrous am- 
monium sulphate was added and the amount of permanganate 
reduced by the krennerite measured by titrating the excess of 
the ferrous iron present with permanganate solution. The resi- 
due obtained by the action of the permanganate on the krennerite 
had the appearance of spongy gold. 

It was weighed, fused with potassium nitrate to test for 
tellurium and reweighed. The two weights being identical 
showed that no tellurium was left in the gold residue, and that 
the action of the permanganate completely removed the tellurium 
from the mineral. The tellurium dissolved by the permanganate 
calculated from the equation, 


3Te + 4K MnO, = 3TeO, + 4MnO, + 2K,0 


was 55.17 per cent., while the loss of the weight of the mineral 
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was 55.18 per cent. A quantitative analysis showed 55.18 per 
cent. The residue insoluble in permanganate after parting the 
gold and silver showed gold 38.28 per cent. and silver 6.54 per 
cent. 

It is therefore evident that alkaline potassium permanganate 
completely removes tellurium from krennerite, leaving the gold 
and silver as a metallic residue. 

Krennerite and Bichromate.—A finely ground specimen of 
Cripple Creek krennerite as was used in the previous experiment 
was treated by Dr. Tibbals with an excess of standard bichromate 
solution which had been acidulated with sulphuric acid and 
boiled for fifteen minutes, an insoluble residue of 43.24 per 
cent. of the original mineral was found which showed a content 
of 38.30 per cent. of gold and 4.94 per cent. of silver, but free 
from tellurium. 

The observation has been made by Hendrixson? that fifth 
normal potassium dichromate with dilute sulphuric acid will dis- 
solve metallic silver and this throws light on the low silver 
content found in the residue after treatment of krennerite with 
bichromate. The tellurium containing solution of the bichro- 
mate, when treated with a weighed excess of ferrous ammonium 
sulphate and the excess titrated with standard bichromate solu- 
tion, gave a figure which when corrected for the silver dissolved 
showed complete solution of the tellurium in the mineral to 
tellurate. 

Calaverite and Petzite with Permanganate and Bichromate.— 
The alkaline solution, as used by Dr. Tibbals, of potassium per- 
manganate which was used with krennerite gave on long boiling 
a quantitative extraction of the tellurium while the gold and 
silver were left in the elementary form. 

With a solution of bichromate, acid with sulphuric acid, both 
minerals were completely decomposed by a half hour’s boiling, 
the tellurium and silver passing quantitatively into solution, 
leaving spongy gold. 

Experiments conducted with these minerals diminishing the 


1 Jv. Amer. Chem. Soc., 25, 637. 
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time of treatment with the boiling bichromate solution to ten 
and fifteen minutes showed a complete removal of the tellurium, 
but the silver was still retained in considerable quantity. 

Experiments with Ferric Chloride-—When elementary tellu- 
rium is treated with ferric chloride! the tellurium dissolves, re- 
ducing the ferric chloride to the ferrous conditions thus: 


4FeCl, + Te= TeCl, + 4FeCl,. 


This reaction has been studied by Pethybridge? who has made 
the reaction a basis for a patent for the extraction of tellurium 
from telluride gold ores. According to Pethybridge the ore is 
subjected in a fine state of division to the action of a solution 
of ferric chloride of a specific gravity of 1.18. The reaction 
will occur at any temperature, but the greater the degree of 
heat up to the boiling point of the solution, the more expedi- 
tiously will the process be carried out. The reaction between 
the solution of ferric chloride and sylvanite is represented as 
follows: 





8FeCl, + (AuAg)Te, = 2TeCl, + 8FeCl, + (AuAg). 


In studying this reaction with certain Cripple Creek ores it has 
been found that the extraction of the tellurium from a telluride 
ore is complete with the ferric chloride, but that in many in- 
stances notable amounts of gold dissolve. Mr. R. M. Chapman 
has studied this process carefully checking the procedure by 
many assays and has observed low gold results by this process. 


BEHAVIOR OF VARIOUS TELLURIDES TO HEAT. 

It is a well known fact that the telluride ores when roasted 
in the air lose all of the tellurium contained. The ores or min- 
erals when fused with oxidizing mixtures such as saltpeter 
lose their tellurium completely. Further, when the tellurides 
are heated in hydrogen gas the tellurium gradually distills, leav- 
ing a metallic residue free from tellurium. 


*Lenher, Jr. Am. Chem. Soc., 30, 744. 
?U. S. Patent No. 709,037, Sept. 16, 1902. 
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SOME OBSERVATIONS ON THE TELLURIDES. 


PETZITE HEATED IN CARBON DIOXIDE. 

It was suggested to Dr. Tibbals to study the action of various 
gases on the tellurium minerals. 

A sample of finely powdered petzite from Boulder County, 
Col., was accurately weighed in a porcelain boat and heated in 
a porcelain tube in an atmosphere of dried carbon dioxide. The 
weight of the boat and contents became constant after twenty- 
four hours. The petzite lost 35.07 per cent. of its weight, the 
residue consisting of gold and silver free from tellurium. The 
particles of silver in the boat were fused together after the ex- 
periment while the gold appeared in part as a yellow incrustation 
on the surface of the silver, resembling the appearance shown 
when a telluride mineral is roasted in the air. The tempera- 
ture during the experiment was not sufficiently high to cause 
the silver and gold to fuse together. 

Tellurides Heated in Hydrochloric Acid Gas.—A portion of 
the Boulder County, Col., petzite was heated in a glass com- 
bustion tube to a low red heat for twenty hours in a current of 
hydrochloric acid gas. Before heat was applied to the tube 
all of the air was expelled from the apparatus by hydrochloric 
acid gas. When the mineral was heated to redness, the tellu- 
rium began to volatilize and condensed on the walls of the tube 
as a black mirror. The residue remaining in the boat consisted 
of fused silver chloride with particles of metallic gold. The 
ammoniacal solution of this residue when treated with nitric 
acid gave the silver chloride as a precipitate. 

It is thus seen that when dry hydrochloric acid gas is passed 
over heated petzite, the silver is converted into chloride, leaving 
the gold in the free condition, while the tellurium is volatilized 
and condenses in the elementary form. Artificial silver tellu- 
ride prepared by the reduction of a silver telluride in hydrogen 
deported itself in the same manner as the mineral, with the 
result that in this instance both metallic tellurium and tellurium 
tetrachloride were deposited on the walls of the tube, while the 
silver was completely converted into silver chloride. 

Artificial gold sulphide Au,S, prepared by the action of 
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hydrogen sulphide on an auric chloride solution was heated in 
hydrochloric acid gas. The sulphur began to volatilize below 
redness and deposited on the tube, leaving metallic gold in the 
boat. 

Krennerite subjected to the same treatment with hydrochloric 
acid gas lost all of its tellurium, leaving a residue of metallic 
gold and silver chloride. 

Treatment of Petzite and Krennerite with Sodium Sulphide. 
—Finely ground samples of petzite and krennerite were sealed 
by Dr. Tibbals in glass tubes with strong solutions of sodium 
sulphide and the tubes were heated for two weeks at 50°. At 
the end of the time the minerals were found to be unchanged. 

Fresh samples of the minerals were heated for twenty-four 
hours in sealed tubes at 200°. In this experiment the petzite 
was found to be unchanged, but the krennerite was acted on by 
the reagent. At the end of the experiment, the krennerite was 
found to be covered with a coating of metallic gold. The sodium 
sulphide solution was found to contain tellurium. 


ATTEMPTS TO PREPARE ARTIFICIAL TELLURIDE OF GOLD. 


When gold is mixed with tellurium and the whole heated a 
white crystalline alloy is obtained. Brauner’ in an elaborate 
paper on the atomic weight of tellurium attempted to synthesize 
a number of metallic tellurides, among others telluride of gold. 
He obtained crystalline polytellurides of a silvery luster, but 
they were not of definite composition. The fusions obtained 
by Brauner were alloys of gold and tellurium. The nearest 
approach to a definite formula was Au,Te. Recently the alloys 
of gold and tellurium have been studied by Rose? who has estab- 
lished a complete freezing point curve with various concentra- 
tions of tellurium and gold. The curve indicates one compound 
AuTe, melting at 452°. Eutectic mixtures were formed with 
gold and tellurium of the composition AuTe, and AuTe, but 
they do not show the characteristic banded eutectic structure. 
There are no certain indications that they are true compounds. 


*Jr. Chem, Soc., 55, 391. 
* Trans. Inst. Min. Metal Brit., 17, 285. 
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By the examination of fused mixtures of gold and tellurium no 
evidence was obtained of the existence of compounds correspond- 
ing to the minerals petzite, coolgardite or kalgoorlite. 

The experiments of heating gold and tellurium in inert or 
reducing gases have been repeated. When a mixture of gold 
and tellurium, the latter being in great excess, is heated to red- 
ness in a current of either hydrogen or carbon dioxide, the tellu- 
rium gradually distills from the boat, leaving pure gold as a final 
residue. Should the length of time of heating be insufficient 
to drive off all of the tellurium, a crystalline silver white mass 
will remain behind. If this is again heated, it will become 
golden colored on the surface, gradually losing more and more 
tellurium until the remaining gold is tellurium free. If any of 
the white alloy-like substances obtained as intermediate products 
by heating gold with excess of tellurium and the final product 
of pure gold are treated with gold chloride solution, the gold 
chloride is reduced to metallic gold. This reaction of gold 
chloride on the artificial alloy of gold and tellurium is precisely 
the same as its action on the telluride minerals. If the telluride 
of gold is a salt of hydrogen telluride in the sense that many 
of the natural sulphides may be considered as derivatives of 
hydrogen sulphide, it would seem as though it would be formed 
by the action of hydrogen telluride gas on a gold solution, or by 
the interaction of a gold solution on a soluble telluride. In 
order to test this view various experiments have been conducted. 

Hydrogen telluride gas prepared by the action of dilute hydro- 
chloric acid on aluminum telluride was brought in contact with 
gold chloride solutions. Should it be possible to form a telluride 
by this method of procedure, the hydrogen telluride would of 
necessity have to be in excess; otherwise the precipitated telluride 
in contact with the excess of gold salt would be transformed 
into metallic gold by the action of the gold telluride on the gold 
chloride. Such is actually the case, when hydrogen telluride 
is conducted into a gold chloride solution, the gas being only 
sufficient in amount to precipitate a small portion of the gold 
in solution, pure metallic gold is precipitated and this gold on 
careful examination proves to be free from tellurium. When 
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the hydrogen telluride in excess is conducted into the gold solu- 
tion, metallic gold is also thrown down free from tellurium, the 
procedure of the reaction evidently being in the direction of a 
reducing action, rather than that of the formation of a telluride. 
The reaction may be expressed: 


2AuCl, + H,Te = 2Au + TeCl, + 2HCl. 


According to these experiments, hydrogen telluride does not 
form telluride of gold in the wet way. 

In a general study of the metallic tellurides, Tibbals’ has 
prepared a large number of the tellurides of the metals by bring- 
ing a solution of a metallic salt in contact with a solution of 
sodium telluride. The experiments were carried out in an 
atmosphere of hydrogen, from which all air had been rigorously 
excluded in order to preclude the decomposition of the alkaline 
telluride, which on air contact oxidized with separation of ele- 
mentary tellurium. While this method of procedure enables us 
to precipitate the pure tellurides, silver telluride Ag,Te, zinc 
telluride ZnTe, cadmium telluride CdTe, when brought into con- 
tact with the appropriate solutions of their corresponding salts, 
the reaction toward gold solutions is entirely different. The 
action of sodium telluride on gold solutions results in the pre- 
cipitation of metallic gold which is free from tellurium. The 
reaction may be assumed to proceed, 


2AuCl, + Na,Te = 2NaCl + TeCl, + 2Au. 


In a separate study Dr. Tibbals investigated the action of sodium 
telluride solutions on solutions of sodium sulphaurate. The 
sodium tellurite was prepared by reduction to the telluride with 
sugar carbon at a red heat in a temperature of hydrogen. The 
solution of sodium sulphaurate was obtained by dissolving auric 
sulphide in sodium sulphide at 10°. The solutions were of 
necessity kept in an atmosphere of hydrogen and the experiments 
were conducted in hydrogen. In a series of ten experiments 
performed under approximately the same conditions precipitates 


* Bulletin University of Wisconsin, No. 274, 1909. 
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were obtained when the ‘sodium telluride was in excess, which 
contained all the way from 23.35 per cent. to 54.33 per cent. of 
gold, but no two were of the same composition or of rational 
formula. Under more widely differing conditions no telluride 
of gold of rational formula or of constant composition is formed. 
Inasmuch as the natural gold tellurides are so frequently asso- 
ciated with calcium compounds, calcium telluride suggested 
itself as a means of precipitating or transporting tellurium or 
gold. When, after great difficulty, a calcium telluride was finally 
prepared in pure condition, it was found to be readily decom- 
posed by water into calcium hydroxide, tellurium and hydrogen, 
hence was not available for experimentation. 


COPRECIPITATION OF GOLD AND TELLURIUM. 


Various methods have been tried at different times to precipi- 
tate gold and tellurium together from widely different kinds of 
solutions and with various reducing agents, the result invariably 
has been that the gold precipitates first. This is obvious inas- 
much as even though any tellurium should come down at first, 
on coming in contact with the gold in solution it would have 
precipitated the latter. The precipitates, therefore, which are 
obtained by this method are non-homogeneous mixtures of gold 
and tellurium. 


TRANSPORTATION OF GOLD AND TELLURIUM BY NATURAL 
SOLUTIONS. 

The transportation of gold-bearing solutions has been dis- 
cussed at length by Van Hise in his treatise on “ Metamorphism” 
and by Clarke in “The Data of Geo-Chemistry.” In both of 
these valuable and suggestive works the views of those who 
have studied the solubility of gold and its transportation have 
been carefully reviewed as well as discussed. The general tend- 
ency is to attribute the transportation of gold to a chloride solu- 
tion. This would seem to be the more natural means for the 
gold to be transported in view of the relative stability of gold 
chloride when compared with such other salts as the sulphate, 
nitrate, phosphate, the aurates and sulphaurates. 
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Metallic gold can be dissolved and held in solution by a great 
variety of solvents. While aqua regia or free chlorine are the 
most common solvents and undoubtedly the best for free gold, 
the production of free chlorine in nature is not a phenomenon to 
be expected on an elaborate scale. The well-known solvent, 
potassium cyanide in presence of air is another laboratory reac- 
tion that could hardly be expected to be of serious moment as 
a natural geological process. That many other reagents attack 
gold is also known and it is striking that many of these solvents 
are substances which can readily be formed in natural process. 
It was our opportunity to test many of the previous observations 
of others in the laboratory, and it is felt that gold can be rend- 
ered much more soluble than is commonly supposed if sufficient 
pressure is brought to bear during the reaction. Thus it has 
been observed that while boiling concentrated hydrochloric acid 
is without appreciable action on gold, under pressure the gold 
will dissolve with comparative ease. The presence of such 
alkaline chlorides as sodium, potassium or ammonium chloride 
in solution with hydrochloric acid will cause gold leaf to pass 
into solution when heated in a sealed tube under pressure. 
Aqueous solutions of the above mentioned alkaline chlorides act 
in a similar manner when heated with gold leaf under pressure 
even in absence of hydrochloric acid. The pressures obtained in 
these experiments were all below 100 pounds square inch, the 
temperature rarely rising as high as 165° C. The action of 
ferric chloride and cupric chloride has been shown by Stokes 
to be reversible, solution of the gold being effected at 200° C., 
while on cooling the gold is redeposited. Solutions of alkaline 
sulphides have been known for a long time to act as solvents 
for gold. Concentrated sulphuric acid or strong phosphoric 
acid at temperatures up to 250° C. have apparently no solvent 
action on gold, although in the presence of oxidizing agents 
either of these acids will dissolve gold at atmospheric pressure. 
The alkaline solutions employed such as the alkaline silicates or 
carbonates have given only uncertain results when heated under 
pressure with gold leaf. These solutions are able, however, to 
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hold the gold in solution if gold is heated with these alkaline 
solutions containing alkaline chlorides. 

In whatever form the gold is transported in solution whenever 
it comes in contact with tellurium or a telluride deposit, reduction 
ensues and metallic gold is thrown out of solution. This serves 
to explain the existence of metallic gold in the upper portions of 
the telluride mines, and the deposition of gold from solution by 
the telluride minerals, and also explains the pseudomorphs which 
are so common of gold after the telluride minerals and the not 
infrequent coatings or incrustations of gold on the surface of 
the tellurides. 

As Van Hise has pointed out in his “Treatise on Meta- 
morphism,” it would seem to the author that it is possible that 
the gold in its journey as chloride meets a tellurium-bearing solu- 
tion, and on contact with reducing compounds in solution or in 
contact with such reducing solids as sulphides, the two are simul- 
taneously reduced under such conditions that they are able to 
produce the telluride minerals. 

The gold and tellurium solutions as chlorides can travel to- 
gether or independently as long as they do not come in contact 
with a reducing agent. 

Tellurium can be transported in nature in a number of ways. 
The alkaline tellurites or tellurates, or their corresponding acids 
in the free condition, tellurous or telluric acids are readily soluble 
and could serve as either an acid, neutral or alkaline solution of 
transportation. Tellurium as sulphide is readily soluble in the 
alkaline sulphides, and so long as free oxygen is absent, there is 
no reason why tellurium cannot be transported in alkaline sul- 
phide solution. The close association of the tellurides with more 
deep seated sulphides would suggest that it is possible that these 
sulphides furnish sulphide solutions which are capable of carrying 
the tellurium, and that on contact with the gold solutions from 

lateral sources they are able to produce the telluride deposits. 
The association of antimony with tellurides in the Transylvanian 
minerals and of the continual presence of antimony along with 
tellurium in the Montana Copper ores would indicate a deposi- 
tion from sulphide solution. It would also seem possible that the 
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alkaline sulphide solutions of gold and tellurium on coming into a 
zone of oxidation would cause deposition of the tellurium and 
gold simultaneously and thus produce the telluride minerals. 
Actual observation however shows that the occurrence of the 
tellurides is largely in the zone of reduction. While it is possible 
for either gold or tellurium to be transported in alkaline sulphide 
solution, it is not possible for silver to be transported by means of 
an alkaline sulphide, due to the insolubility of silver sulphide. 
Silver chloride is, however, soluble to a considerable degree in the 
alkaline chlorides and can thus be carried in nature. The 
telluride of silver can be readily formed as has been shown in the 
experiments cited, by contact of silver solutions with metallic 
tellurium, by reduction of the tellurite or by the action of hydro- 
gen telluride or an alkaline telluride on a silver salt. Actual 
observation has shown, however, that pure silver telluride is rare. 

The deposition of the more common mixed gold and silver 
tellurides, in light of our present knowledgé, would appear to be 
more likely from the intermingling of a solution of gold and 
silver chlorides held in solution by an alkaline chloride with an 
alkaline sulphide solution carrying tellurium. 

From the experimental evidence at hand, it would seem that the 
tellurium gold minerals partake more of the nature of alloys than 
of chemical compounds. 

The manner in which the gold and tellurium are united is an 
unusually difficult problem to approach, and thus far little of 
definite character, so far as the constitution of these minerals are 
concerned, has been established. The experimental data which is 
available all seems to point to the nonexistence of a definite arti- 
ficial telluride, the artificial products being largely of the nature 
of alloys and in general character resembling the telluride 
minerals. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to,all communications. 


STUDIES IN THE APPLICATION OF THE ANTI- 
CLINAL THEORY OF OIL AND GAS 
ACCUMULATION. 


DISCUSSION OF A PAPER BY M. J. MUNN IN ECONOMIC GEOLOGY, 
MARCH, 1909. 


Sir:—As the “ Application of the Anticlinal Theory of Oil 
and Gas Accumulation,” by M. J. Munn, in the March number 
of Economic GEOLOGY, is a subject to which I have given some 
thought, and as I am familiar with many pools in western Penn- 
sylvania, eastern Ohio and northern West Virginia, where the 
formations he describes are productive or have been penetrated 
by the drill, I wish to accept the author’s invitation to discuss 
the hypotheses in question. 

The term “ anticlinal theory” is an unfortunate one in some 
respects, as it gives a non-geologist the idea that the adherents 
to this theory believe the distribution of oil and gas pools to 
be dependent on anticlinal structure and on nothing else. Such 
is not true, however. Personally, I have found it necessary 
scores of times, when questioned by well drillers or operators as 
to whether I believed in the “ anticlinal theory,” to qualify my 
affirmative replies by informing them that the theory holds as 
an important factor in the accumulation of oil and gas, even in 
pools in which no definite relation to geologic structure is ap- 
parent, and in regions where there are no definite anticlinal or 
565 
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synclinal axes. I have further found it necessary to qualify my 
replies by explaining that the structure of the rocks, and con- 
sequently the “ anticlinal theory,” is only one of the factors in 
the accumulation of oil and gas pools, and that a geologist, in 
order to locate a pool, even approximately, has to consider every 
other particle of evidence found in structure of the subsurface 
rocks, changes in intervals, texture of the “ sands,” character 
of the overlying beds, differences in pressure, relations to water 
in the rocks, shape of the surrounding pools, and character of 
the oil in the vicinity; and every factor must be given its due 
weight, before a recommendation can safely be made. After all 
other factors have been considered, it might seem as if the 
“anticlinal theory ” had been lost sight of as unimportant; yet 
the fact remains that structure is the essential condition which 
finally determines the distribution and size of the pools when 
all other conditions are favorable. 

Mr. Munn’s paper is an admirable one, but some statements 
appear with which I cannot agree. The Hundred-foot sand, 
described by him, in the Sewickley quadrangle, underlies “ thou- 
sands of square miles in western Pennsylvania and Ohio.” It 
also extends southward into West Virginia. In southwestern 
Pennsylvania and in West Virginia it is broken up into the 
Gantz sand and the Fifty-foot sand, separated by a bed of shale. 
Both these sands may be productive of oil in a single well. 
Everywhere throughout the area in which the Hundred-foot 
sand, or its constituents, produces oil, it consists of a well-defined 
sandy group occurring at what is supposed to be the very bottom 
of the Carboniferous system. Directly below the Hundred-foot, 
or the Fifty-foot sand, are found the Catskill red shales, which 
are easily recognized by the drillers. 

Scores of pools have produced, and are producing, oil from 
the Hundred-foot sand, but many times as many are producing 
from other sands, lying below and above the Hundred-foot. 
Whatever conditions affect the accumulations of oil in one sand 
must be factors of greater or less importance in all of them; but 
the differences in character of the sand and other rocks, and 
the oil, gas and water existing at different places in them, fre- 
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quently produce structural relations which might appear, at 
first thought, to be entirely contrary to conditions in other pools 
with which the operator may be familiar. The Berea, or Thirty- 
foot, sand, lying at an average distance of 150 feet above the 
Hundred-foot, is of much wider extent as a productive sand 
than is the Hundred-foot. 

The Hundred-foot sand is the chief productive horizon in the 
Sewickley quadrangle, and is also productive a few miles west, 
in the eastern part of the Beaver quadrangle. In the western 
and northern parts of the Beaver quadrangle the Berea sand 
is productive, and the Hundred-foot, though present, has not 
yet been found to contain oil, although many holes have been 
drilled to it. 

The oil pools in the Beaver quadrangle, and in the quadrangles 
north and west of it, occur in thin “ pay-streaks,” as in the 
Sewickley quadrangle, and certain features, including the gen- 
eral character and distribution of the “ pay-streaks,” agree with 
those described by Mr. Munn. As found elsewhere, there are 
some dry areas several miles in extent, which lie directly down- 
dip from important pools of oil or of salt water or of both. For 
instance, near the corner of Brighton, Chippewa and South 
Beaver townships, in Beaver County, is a small pool in which 
the production of the wells is so light that they are not worth 
pumping, producing at best only a barrel or two a day. This 
pool is bordered on the northeast, southeast and south by a 
number of strong salt water wells. Contrary to the expecta- 
tion of the operators, this pool was not found to lead to a 
stronger one near by, the dips of the rocks being too gentle to 
form any strong accumulation. The “pay” here, as in most 
pools of the Berea sand, is near the top of the sand. The salt 
water in close proximity to the pool occupies a definite structural 
position with reference to it, occurring on all sides of the pool 
except on the up-dip side. However, this water was not found 
to extend far southeast of the pool, several wells between there 
and Ohio River, four miles southeast, having been dry of water 
and oil. Similar occurrences are found repeatedly in the Berea 
sand in the Beaver and Newcastle quadrangles in Pennsylvania 
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and in the Steubenville and Wellsville quadrangles in West 
Virginia and Ohio, where dry sands occur on the down-dip sides 
of pools of oil and of salt water. 

I can not agree with Mr. Munn that “ the evidence as a whole 
is decidedly against the idea that the pools could have been 
accumulated by difference in gravity of oil and salt water.” 
Everywhere, within a particular pool, where gas, oil and salt 
water are present, the gas occurs above the oil, and everywhere 
the main pool of salt water occurs below the oil, not directly 
underneath, but at right angles or at an acute angle down-dip. 
Although “lateral movement through difference in gravity 
alone,’ may, during historical time, have been “ so limited as to 
be of no consequence,” I have been obliged to dismiss all assump- 
tions of the oil having been accumulated without regard to 
structure, and consequently gravity. 

A point to be noted in pools a short distance west of those 
described by Mr. Munn is that the lowest oil pool in the Berea 
sand in a given group of pools is successively higher above 
sea-level going from southwest to northeast parallel with 
the Ohio River. Near Steubenville and Mingo, in Jefferson 
County, Ohio, the lowermost elevation of the oil yet discovered 
in this sand is 600 feet below sea-level; at Holliday’s Cove, 
West Virginia, it is about 400 feet below sea-level; on the 
West Virginia~-Pennsylvania line near the southwestern corner 
of Beaver County it is 250 feet below; at Hookstown and 
Smiths Ferry, Beaver County, it is at sea-level; while near the 
corner of Brighton, Chippewa and South Beaver townships it 
is 200 feet above sea-level. This progressive rise is not ex- 
plained by Mr. Munn’s theory, but it is explained in part by the 
greater general height of the anticlinal folds and the lesser depth 
of the adjacent synclinal depressions toward the northeast. 

At the time the oil sands and intervening strata were deposited 
as sediments in the sea, the pores of all sandstones and other 
porous rocks must have been saturated with salt water. Through 
some cause, most of the water seems to have dissappeared, leav- 
ing only scattering pools of it still present. We may fairly 
question, however, whether the harder and closer-grained por- 
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tions of the Berea and Hundred-foot sands, where they are 
reported by drillers as dry, are in reality as dry as the appear 
to be, or whether they seem so owing to their lack of porosity. 
The fact that the still deeper oil sands, below the Hundred-foot, 
yield troublesome water much less frequently than do the upper 
ones, that they require no casing, and that the drillers seldom 
report water from them, indicates that most parts of these sands, 
whatever their texture, are really dry, and this view is in accord 
with the best data in deep mines, 7. e., that rocks below 1,000 
feet or so are commonly dry of water. Whatever the cause of 
the real or apparent dryness of portions of the upper sands, the 
salt water, accompanied by whatever oil may have been present 
in any beds, was concentrated by rock pressure, molecular at- 
traction, seepage, hydraulic pressure and other causes, and ac- 
cumulated to a great extent in the more porous portions of the 
sandstones (in the “ pays”). In deeply-buried sands the pres- 
sure alone would account for the segregation of the oil and salt 
water in the “ pay-streaks.”’ 

Most of the “ pays ” in which the oil and salt water are found 
are many miles in extent, and the accumulations could not have 
been sufficient for economic development at any particular point 
in a sand or “ pay,” were it not that the rocks were subsequently 
tilted. The truth of this statement is manifested particularly 
by an area covering large portions of several counties fronting 
on Ohio River is southwestern West Virginia, in which condi- 
tions are otherwise favorable, where the dips are so slight that 
only shows of oil and gas have been obtained by drilling. Where 
the oil was concentrated into pools it was assisted by tilting of 
the rocks, which gave a partial or entire anticlinal structure. 
In each individual porous lentil, or “ pay-streak,” the oil, water 
and gas occupying it and the closer-grained rock in proximity 
to it, were arranged according to their specific gravities at the 
lowest point on the down-dip side of the “ pay-streak.” The 
deposits could not be arranged in any other way. The fact that 
a so-called “ pay-streak”’ lying down-dip from a known pool 
may be dry of both water and oil does not disprove the anticlinal 
theory in its proper application; but its position is due to the 
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fact that whatever water and oil may once have occupied the 
“pay-streak’’ have been drained out or segregated elsewhere, 
naturally or artificially, or that the streak is not in reality so 
porous as would seem from the size of grains in the sand-pump- 
ings. The arrangement of the grains, and the proportions of 
different relative sizes, are more important in determining a 


“pay” than is their absolute size. 
FREDERICK G. CLApp. 
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Fluorspar Deposits of Kentucky. By F. Jutius Fons. Kentucky Geo- 
logical Survey, Bull. No. 9, 296 pages. 

This bulletin, which bears the date of 1907, was considerably delayed 
in publication, but finally made its appearance near the close of 1908. 
It is probably the most important contribution to the literature of 
fluorspar that has been published in the United States. Besides a 
description of the fluorspar district of Kentucky, with details regarding 
mines and mills, a summary of the progress of the fluorspar industry 
in Kentucky and in the United States is given for 1905-6, together with 
much historical and statistical information, as well as an analysis of 
trade conditions. With regard to trade conditions, an important sec- 
tion of the discussion relates to materials that compete with American 
fluorspar, such as limestone flux, imported fluorspar, and cryolite and 
its products. The mineralogy and geological associations of fluorspar 
are described in some detail and a list of producing localities in the 
United States is given. With regard to the Colorado deposits, the 
author has evidently had incorrect information, since he states that 
certain deposits which are still producing are reported to be worked 
out. This chapter, however, should be of especial value to the student 
for reference work on the mineralogy of fluorspar. 

In regard to the exploitation of local deposits, the chapter on pros- 
pecting and mining methods will be of especial value to the. mining 
man who is interested in the Kentucky field. The chapter on milling 
methods is not only of local interest but of value to producers of 
fluorspar in the West, where no methods of cleaning and concentrating 
spar are in use. This chapter gives descriptions of log and gravity 
washers, screens, crushing, concentrating, and grinding apparatus, and 
describes in detail several mills in Kentucky and Illinois. Several in- 
structive half-tone illustrations accompany this chapter. An im- 
portant feature of the chapter is a discussion of the problems relating 
to ore dressing and to special separation processes since upon the recog- 
nition of the principles involved depends the selection of machinery best 
adapted to the needs of each case. 

Thirty-two pages are devoted to a discussion of the uses and tech- 
nology of fluorspar. A large variety of uses of spar have been re- 
corded here, each dependent upon certain properties of the mineral, 
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and the suggestions should be of great value in establishing new markets 
and in expanding old ones. Interesting details are given with regard 
to the manufacture of hydrofluoric acid; with regard to fluorspar in 
metallurgy of iron and steel, aluminum, manganese, silver, copper, tin, 
nickel and zinc; with regard to the production of alundum, the manu- 
facture of glass enamels, glazes and fireproof ware, and the production 
of apochromatic lenses, carbon electrodes for the flaming arc; and 
with regard to the use of fluorspar for ornamental purposes. One 
chapter that would be of use to chemists who desire to work on 
fluorspar is that treating of the methods of analysis of fluorspar com- 
pounds. A summary that will doubtless be of temporary local interest 
is a tabulated list of mines, mills, and operators in the Kentucky fluor- 
spar district. 

Besides the data strictly relating to fluorspar there is mention of lead 
and zinc in association with the spar and a few pages are devoted to 
the occurrence of cobalt and nickel in western Kentucky. There is 
also given a useful compilation of simple tests for common minerals 
which the prospector may find in the fluorspar and metalliferous dis- 
tricts in Kentucky and elsewhere. 

With regard to statistics of fluorspar production collected by organ- 
izations other than the Kentucky Geological Survey, including other 
State Surveys, the U. S. Census Bureau, and the U. S. Geological 
Survey, the author does not hesitate to brand nearly all as inaccurate 
in some particulars. The intense state partisanship which seems to 
pervade the bulletin in all matters relating to competition in the fluor- 
spar industry might perhaps better have been subordinated. For in- 
stance, on page 10, the statement is made that Illinois fluorspar opera- 
tors undoubtedly supplied excessive returns to both the U. S. Geological 
Survey and the Engineering and Mining Journal for 1905, since they 
showed production and shipments double the real ones for that year. 
This statement is not accompanied by any facts in its support. Mr. 
Fohs, however, personally looked carefully into the industry in both 
Kentucky and Illinois and he should naturally be expected to be the 
best informed authority on this point. On page 11 it is stated that an 
advantage in freight rates of $1.00 per ton is given Illinois shippers 
and that rebates are reported as being given to Illinois shippers. It 
is difficult to understand how or why rebates, as well as an enormous 
advantage in freight rates, should be given the shippers of fluorspar 
in one state over those of an adjacent county in an adjoining state, 
especially when the same railroad carries the product of both districts. 
Unfortunately no figures or rates are given in support of this state- 
ment. On page 19, in the discussion of imported fluorspar as a com- 
petitor of the American product, it is stated that one reason for the 
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advantage English fluorspar has had in the Pittsburg markets is the 
low freight rates granted the product from seaboard to Pittsburg, the 
published rate for which is $2.60. Furthermore, it is stated that 
through rebates granted to English shippers the freight cost has been 
only $1.60 per ton. If the published rate of $2.60 has really been 
rebated to $1.60 this is a serious matter and is worthy of investigation, 
but to dignify by publication in a state report, without having probed 
the matter to the bottom, such a statement as this that may be mere 
gossip seems somewhat inconsiderate. 

The bulletin is printed on good paper with large clear readable type, 
and good illustrations. The compositor has fallen into the error of 
spelling fluorspar “ flourspar” in many instances, and it is surprising 
that such an aggravating error should have passed unnoticed by the 
proof readers, 

The permanent value of this bulletin will rest in (a) the scientific 
matter relating to the general mineralogy and geological association 
of fluorspar, a compilation which has required the expenditure of much 
time and effort; (b) the data furnished regarding the geologic rela- 
tions of the Kentucky deposits and the methods of mining, milling and 
using the spar. The bulletin is certainly very welcome to all who are 
interested in the fluorspar industry. Mr. Fohs and the Kentucky 
Geological Survey are to be congratulated on having put forth, as Dr. 
Norwood, Director of the Kentucky Geological Survey, styles it “ The 
most complete publication on fluorspar that has ever been issued.” 

Ernest F. BurcHArp. 


Second Report on the Clay Deposits of Georgia. By Orro VEatcu, 
Assistant State Geologist, State Geological Survey of Georgia. Bul- 
letin 18, p. 453, Pl. XXXII., Fig. 15, Maps 3. Atlanta, 1909. 

The first report on a part of the clays of Georgia concerned only 
the clays along the Fall Line, but the second includes all the clays in 
the state. The clays in the second report are, for convenience, grouped 
according to their occurrence in each of the three geologic and physio- 
graphic divisions of the state, namely, the Paleozoic area, the Crystal- 
line belt, and the Coastal Plain. 

The Cretaceous clays, known as the Fall Line belt of white clays, 
are confined mainly to the Tuscaloosa (Potomac) formation, which 
forms the northern margin of the Coastal Plain. The clays occur as 
pockets or lens-shaped beds of comparatively small extent enclosed by 
sand, or as horizontal beds lying in contact with later sands and clays. 
The deposits are from one to thirty-five feet in thickness, and from a 
hundred yards to several miles in extent. The purest clays occur be- 
tween Macon and Augusta, in a belt approximately 110 miles long and 
3 to 15 miles wide. 
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Since kaolin is usually a residual clay, the author has outlined with 
some care, a theory to account for the sedimentary origin of these 
clays." The theory, briefly, is that following the uplift of the piedmont 
region that occurred just before Cretaceous time, the residual kaolin 
from that region was washed downward and deposited by a natural 
process of separation in offshore fresh water lakes and sounds which 
had been enclosed by torrential movement of coarse sediments. 

These white clays are often remarkably close in chemical composition 
to kaolinite, one sample showing 99.16 per cent. clay substance. In 
texture the clays are very fine grained, although they may contain 
rather coarse sand. The sieve tests on some of the samples show 95 
per cent. passing a 200-mesh screen. In hardness the clays vary from 
soft and cheese-like to flint clay. All except the flint clays develop 
good plasticity. Under the microscope free silica appeared in the soft 
clay, usually as angular or subangular quartz particles, often coated 
with iron oxide, and in the flint clays as opaline silica, which is doubt- 
less the cementing agent in these clays. No kaolinite crystals were 
detected. The drying shrinkage of the clays is moderate, but the 
burning shrinkage is high. In the purest clays this amounts to from 
10 to 15 per cent. at cone 9, where it practically ceases. The purer clays 
vitrify above cone 15 and fuse above cone 33. 

The clays are now being used in the manufacture of white ware, 
electrical porcelain, etc., fine brick and other refractories, and terra 
cotta. In the raw state they are used as filler for wood pulp paper. 

The Tertiary deposits of white clays are not as extensive nor as 
pure as those of the Cretaceous, and it is doubtful whether any of them 
are of value for the manufacture of high grade products, but some 
of the clays are refractory and occur in large quantities, and may be 
of future economic importance. 

The Paleozoic clays consist of sedimentary clays associated with 
coals, residual deposits derived chiefly from the decay of limestones, 
and clays associated with certain deposits of iron ore and with bauxite. 
The last named are the most important, and although not in present 
use, are certain to becoine commercially valuable. These clays occur 
with the bauxites, and, in fact, enclose them, so that the latter cannot 
be mined without moving large’ quantities of clay. This clay contains 
a higher percentage of alumina than is found in kaolins, and is conse- 
quently highly refractory. In laboratory tests the clay remained 
unfused at cone 36. 

In connection with the discussion of these clays, the author makes the 
interesting deduction that since the best theory of the origin of the 
Alabama and Georgia bauxites is that they are chemical precipitates, 


*See Economic Geotocy, Vol. III., No. 2, pages 109-117. 
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and that field study gives no evidence that the clays are not contem- 
poraneous with the bauxite, it is probable that the clays are chemical 
deposits. 
Epwin F. Lines. 
Urpana, IL, 


Report on the Examination of Some Iron Ore Deposits in the Districts 
of Thunder Bay and Rainy River, Province of Ontario. By F. Hite, 
M.E. Canada Department of Mines, 1908. 


In his report on the iron deposits of the Rainy river and Thunder 
bay districts of Canada, Mr. Hille foresees a not far off time, when 
Canadian iron deposits will not only succeed in meeting the domestic 
demand, but that of the entire world. This titanic revolution in the 
industry of iron and steel, Mr. Hille believes will result from the failure 
to discover new deposits of importance, and the rapid exhaustion of 
available deposits in the United States. In his own words, “ Whence 
then can the deficiency be made up? The only possible source that I 
can see is Canada.” ... “If an estimate were made of what is 
already known of the iron ore reserves throughout the Dominion, 
there can be little doubt that Canada would stand high, if not first 
among the nations of the world as a prospective producer of iron.” 
While giving no numerical estimate of the iron resources of his own 
country, Mr. Hille estimates the iron reserves of the United States to 
be no more than from 5,000,000,000 to 10,000,000,000 tons, which he 
says will be exhausted in 1940, at the rate of increase of consumption 
during the past 25 years. The reserves of other countries are regarded 
by him as almost negligible, partly for political reasons, in the problem 
of future availability Mr. Hille’s confident estimate of the iron re- 
serves of the United States is vastly less than that given by the United 
States Conservation Commission. 

The Canadian iron deposits which Mr. Hille regards as especially 
promising are those of the Matawin, Atikokan and Animikie districts. 
The economic exploitation of the lean, siliceous magnetic iron deposits 
of the Matawin district can be accomplished according to Mr. Hille, 
by (1) hydromagnetic separation of the ores, (2) smelting the ores 
at or near the mines, (3) securing the furnace materials, coke and 
flux, from sources near the mines, (4) utilizing the by-products of the 
coke industry, (5) using the local water power of the streams for 
driving machinery and conducting metallurgical operations. In the 
peat bogs and forests of Canada, Mr. Hille sees a potential source of 
coke, and believes that marl beds, calcite veins and dolomite deposits 
of the Lake region, within close proximity to the ores, could furnish 
the flux. Mr. Hille describes the magnetite deposits of the Matawin 
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district as the most massive, most interesting, and perhaps the largest 
of which we have any knowledge. They are unproductive at present 
because of their low iron and high phosphorus content. After giving 
the following analysis: 


DEON | einen sch EE eRe ie a eae ena 30.66 
POMDAGAL sc on a ore ois ss ues BRIM eee whl eieIs onions OE 47.86 
Phospnors: <.c63 BALA Ie ae. Ure ee: a 


Sulphur 


Mr. Hille remarks: “The iron contents of the ore are not very high 
here, but by going deeper into the deposit, where the ore escapes the 
influence of the meteoric water, a somwhat higher quality will prob- 
ably be found.” Anyone familiar with the nature of iron ore deposits 
can pass his own judgment upon the kind of science that is here 
officially thrust upon the public. 

The magnetite deposits of the Atikokan district are regarded by Mr. 
Hille, as almost the counterpart of the Sudbury ores. “The: Atikokan 
mineral area consists of a series of norite dikes containing pyrrhotite 
and magnetite in lenses.” He also says that the iron bearing minerals 
of these dikes have been changed at the surface into iron ore. It is 
obvious then, that Mr. Hille recognizes that surface agencies may have 
enriched the iron deposits of the Atikokan district, whereas in the 
Matawin district, he believes that ore deposits lean at the surface may 
become richer in depth. 

Turning to the Animikie, the author says, “the ore occurs in a rock 
formation which is known by different names in different localities; 
by us it is called the Animikie series. This series is as extensively 
developed here as in any other locality in the vicinity of Lake Su- 
perior.” Mr. Hille finds the thickness of the Animikie to be only 200 
feet in places, but much thicker in others. “In a few places where 
diamond drill holes and shafts have been put down we find that the 
depth of these rocks is as follows: 


1. A diamond-drill hole 25 miles east of Whitefish Lake ...... 1,200 
2. A shaft four miles east of the same lake ................2- 7 

3. Several diamond-drill holes northwest of the same lake .... 600 
4. A diamond-drill hole near Iron Range Lake ............... 1,000 


All these holes were put down near the north margin of this forma- 
tion, and, I might add, nearly every one of them yielded good indica- 
tions of the occurrence of hematite ore.” 

Continuing the author says, “It is probably only a matter of time, 
and also of exploration, for us to find ore in our rocks in quantities 
as great as on the Mesabi. I can see no reason why this should not 
be the case since the geological and petrographical conditions are 
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identical, and we have the added advantage of the greater thickness 
of the Animikie series. It is surely incredible that an imaginary 
boundary line should have placed a limit on the deposits of hematitic 
ore, produced through natural phenomena, which were active in our 
district as well as that a few miles away from us.” 

The Animikie iron formation in Canada, although explored for a 
considerable time, is not known to have a deposit of sufficient size and 
merchantable quality to warrant mining. While portions of it are as 
thick as the iron formations ‘of producing districts, as indicated by 
Mr. Hille, a not inconsiderable portion is so thin as to make the dis- 
covery of very large deposits, like those of the Mesabi, improbable. 
Furthermore, the Animikie is separated by numerous basic sills, which 
lessen still more the chances for finding deposits of very great magni- 
tude. 

While it is conceded that the Canadian iron deposits discussed by Mr. 
Hille may have economic possibilities, there appears to be no satis- 
factory basis for the predictions which he gives with an air of finality. 
This is regretable in a document which purports to be an official, 
authentic report published for the good of the commonwealth. 

EpWARD STEIDTMANN. 


The Ore Deposits of South Africa. Part I., Base Metals. J. P. Joun- 
son. London, Crosby Lockwood & Son, 1908. Pp. 61, 10 diagrams. 
In the preface the author states that “this little volume is intended 

to meet the demand of those technically connected with the mining 

industry, for a codrdinated and condensed account of the ore deposits 
at present known in South Africa. It is also intended as a guide to 
the prospector.” 

Mr. Johnson has recognized a real need. Such information as has 
been obtainable concerning the ore deposits of South Africa has been 
fragmentary, generally confined to one or two deposits and scattered 
through numerous periodicals and transactions of societies, many of 
which have a limited circulation, so that it has often been difficult 
for a geologist or mining man to find the information he desired, even 
when it had been published. 

Mr. Johnson treats titaniferous and chromiferous iron deposits, 
nickel, copper, cobalt, tin, molybdenum, tungsten, lead, mercury, anti- 
mony and iron—strangely enough beginning and ending his descrip- 
tion of the minerals with iron ore. Condensation has been carried 
entirely too far for the needs of a geologist. For the prospector the 
treatment is perhaps full enough generally although important things 
have sometimes been left out; for instance, in treating tin deposits, 
such important details as the size of the cylindrical pipes at Potgieters- 
rust are neglected 
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Naturally a large part of the book is made up of extracts from the 
work of other authors. In the main the references to these are full 
and sufficient. In this introduction Mr. Johnson gives a very good 
summary of the present views on the deposition of ore deposits from 
magmatic waters and as segregations in magmas. Like many others 
he does not find the classifications of other writers satisfactory and 
sO proposes a new one. His classification is: 

A. Magmatic Segregations. 
B. Irregular Impregnations. 


C. Regular Impregnations of a Stratum. 
D. Regular Impregnations of a Dyke. 
Reefs 4 E. Regular Impregnations along contact with a Dyke. + Lodes 
F. Regular Impregnations of the Walls of a Fissure. 
G. Regular Crustifications (in fissures). 
H. Irregular Crustifications (in pockets). 
I. Detrital Accumulations. 


The author gives no definitions of the terms used, apparently be- 
lieving them to be self-explanatory. The first and last divisions are 
perhaps unobjectionable, but the others, except possibly B and G, are 
rather hard to interpret. It is difficult to think of impregnations as 
regular. They are almost invariably irregular in thickness and rich- 
ness, and almost as invariably irregular in composition from point to 
point. The author’s work shows the difficulty of following his classi- 
fication, as, in treating mercury, which he places under F, he states 
that in the deposit at Louw’s Creek the ore “Occurs disseminated 
throughout a belt of crushed quartzite 4 to 5 feet wide and about 400 
yards long.” This would appear from the author’s description to be 
more like a mineralized crushed zone or a narrow stockwork. The 
deposits of antimony in the Murchison Range are placed under C, but 
he says, page 47, “The antimony occurs ... in lenticular veins .. . 
at intervals throughout the length of these kopjes, and each seems to 
occupy some minor stratigraphical position.” It seems hardly proper 
to call large lenses of ore “regular impregnations.” 

The copper deposits are the most fully treated of any, as is perhaps 
fitting, owing to their importance. The author seems to have stopped 
short of the Katanga deposits, probably feeling that these were too 
far north to be considered in South Africa, although the English in 
general seem to consider them in that region. 

In treating the mercury deposits 10 miles south of Melelane Station, 
it would have been helpful had the author stated whether or not they 
are connected with the large serpentine areas in which are found the 
magnesite deposits two miles south of Malelane. Close relation be- 
tween mercury deposits and serpentine bodies is so common that the 
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proximity of the Malelane mercury and serpentine seems to demand 
notice. 

In the Langverwacht placer tin deposits near Capetown, the author 
states that the cassiterite is derived from irregular impregnations in 
the surounding granite. In this he apparently disagrees with Griffiths’ 
who states that tin ore not only occurs as an impregnation in the 
granite, but also in large quartz veins. Iron deposits in the sedi- 
mentary rocks, which Mr. Johnson states will probably be of future 
value, are dismissed with two short paragraphs. Tungsten deposits in 
South Africa, concerning which, so far as is known to the reviewer, 
nothing has been written, are barely mentioned. 

His “Hints to Prospectors,’ with which the volume closes, have 
value, but would be better for the addition of simple tests for such 
minerals as those of tungsten, and for some changes in description. It 
is rather uncommon for cassiterite, wolframite and tantalite to re- 
semble each other so closely that they are not readily differentiated 
by the eye alone, though the impression left by reading the “ Hints” 
is that it cannot be done. Mr. Johnson advises the use of a sieve to 
jig gravels where heavy minerals are likely to be found, but for this 
purpose the ordinary American prospector would use a gold pan. 

A map is much needed in works of this kind. South Africa, at best, 
is but little known to outsiders, and good maps are almost impossible 
to obtain. In fact, it is probable that no maps can be purchased 
which will show all the places to which Mr. Johnson refers, so that 
such a map should accompany the book. 

In reading the book one is struck with the large amount of mining 
done by the Kaffirs. They work iron, copper, lead, and tin ores, and 
a number of the mines at present in operation have been located 
through these old workings. Owing to the extent of their excavations, 
one without much knowledge of the details feels inclined to attribute 
the workings to some people with a higher degree of civilization than 
the Kaffirs, such as one of the Semitic peoples to whom are credited 
the old gold workings in Mashonaland.’ 

The book is of very pleasing appearance, the paper is good and the 
type clear and readable. 

Frank L. Hess. 


* Griffiths, Harry D., “Tin Mining in Cape Colony,” abstract of paper read 
before the Chem., Metallurg. and Min. Society of South Africa. Min. Jour., 
London, Vol. 83, p. 119. 

* Bent, J. T., “Ruined Cities of Mashonaland,” London, 1892. 
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COMPILED BY 
G. F. LoucHiin anv J. A. ALLAN. 
METALLIFEROUS DEPOSITS. 
COPPER, LEAD, AND ZINC. 


Copper Mining and Prospecting on Prince William Sound. By U. S. 
Grant and D. F. Hicerns, Jr. U. S. G. S. Bull. 379, 1909, pp. 
87-06. 

Describes properties largely developed since.1905 on Latouche Is- 
land, Knight Island, Galena Bay, Boulder Bay, Ellamar, Landlocked 
Bay, and Fidalgo Bay. 


Mineral Resources of the Kotsina-Chitina Region, Alaska. By F. N. 
Morrit and A. G. Mappren. U.S.G.S. Bull. 374, 1909, pp. 103. 
Describes geography and history, general geology, and economic 
geology. The occurrence, source, and character of copper ores, the 
chief product, are considered and copper properties are described. 
Seven pages are devoted to gold, and one paragraph each to realgar 
and coal. L. 


The Yernigton Copper District, Nevada. By F. L. Ransome. U. S. 
G. S. Bull. 380, 1909, pp. 99-119. 
Describes general geology, and the various mines and prospects. 


L. 


The Tres Hermanes Mining District, New Mexico. By W. Linpcren. 
U.S. G. S. Bull. 380, 1909, pp. 123-128. 
Outlines general features and geology, and describes the mineral 
deposits (normal fissure veins in granite porphyry, and typical con- 
tact metamorphic deposits in limestone). L. 


IRON AND MANGANESE. 
The Hanover Iron-Ore Deposits, New Mexico. By S. Paice. U. S. 
G. S. Bull. 380, 1909, pp. 199-214. 
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Describes general geology and the distribution and character, min- 
eralogy and chemistry, and genesis of the ores (chiefly contact meta- 
morphic deposits of magnetite in limestone). 


The Iron Ores of the Appalachian Region in Virginia. By E. C. Harper. 
U. S. G. S. Bull. 380, 1909, pp. 215-254. 
A general summary of results so far obtained. Classifies the iron 
ores of the Piedmont and Appalachian regions, and describes the 
occurrence of each type. L. 


The Taylor Peak and White Pine Iron-Ore Deposits, Colorado. By E. 
C. Harper. U.S. G. S. Bull. 380, 1909, pp. 188-198, with 4 small 
maps. 

Gives general geology, the structure of the ore deposits, and the 
commercial importance of each district. The ore bodies in both dis- 
tricts are mostly small and of rather low grade. Transportation facili- 
ties are very unfavorable. Ls 


Tonnage Estimates of Clinton Iron Ore in the Chattanocga Region of 
Tennessee, Georgia, and Alabama. By E. F. Burcuarp. U.S. G. S. 
Bull. 380, 1909, pp. 169-187. 

Gives for the different districts an outline of the facts on which 
the estimates are based, a table of analyses, and summary of tonnage 
estimates. Total available ore amounts to 86,569,000, and ore not 
available at present to 440,146,000, long tons. 


Manganese Deposits of the United States. By E. C. Harper. U. S. 
G. S. Bull. 380, 1909, pp. 250-277. 
Considers sources, distribution and occurrence of the ores, the uses 
of manganese, and the manganese industry in the United States. L. 


GOLD AND SILVER. 


The Annual Report of the Ontario Bureau of Mines. 1908. Vol. XVII., 
Part II., by A. G. Burrows. Pp. 31. Illustrated with maps. 1909. 
(1) The Gowganda and Miller Lake Silver Area. (2) The South 
Lorrain Silver Area. 

A preliminary report on these two areas, including situation, the 
various Pre-Cambrian rocks which occur, the amount of work done 
to date and the future prospects. A. 


The Fairbanks Gold Placer Region. By L. M. Prinpte and F. J. Katz. 
U. S..G. S. Bull. 379, 1909, pp. 181-200. 

Gives geographic and geologic sketches, and a summary account of 
the development in mining methods since 1907. is 
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Faulting and Vein Structure in the Cracker Creek Gold District, Baker 
County, Oregon. By J. T. Parner. U. S. G. S. Bull. 380, 1909, 
pp. 85-93 

Describes general geology with special attention to the faulting and 
vein system. Describes the Columbia and North Pole mine workings. 
L. 


The Fortymile Quadrangle, Yukon-Tanana Region, Alaska. By L. M. 
PrinptE. U.S. G. S. Bull. 375, 1909, pp. 52 with 5 plates and 2 
figures. 

Contains brief historical introduction, geographic sketch, geologic 
sketch (including origin of the gold), and describes the distribution and 
character of the placers. 


Gold Placers of the Innoko District (Alaska). By A. G. Mappren. U. 
S. G. S. Bull. 379, 1909, pp. 238-266. 

Discusses geography and transportation at some length, and gives a 
full account of the economic geology. The deposits are mostly in 
frozen ground and there are no well defined pay streaks. Some 
scheme of hydraulic mining and a consolidation .of all property interests 
are advised to bring about profitable results. i. 


Gold Placers of the Ruby Creek Dstrict (Alaska). By A. G. Mappren. 
U.S. G.S. Bull. 379, 1909, pp. 229-233. 
Gives geographic and geologic sketch and describes occurrence of 
the gold. L. 


Gold on Prince William Sound. By U. S..Grant. U.S. G.S. Bull. 
379, 1909, P. 97. 
Brief mention of some promising prospects. L. 
The Horn Silver District, Nevada. By F. L. Ransome. U. S. G. S. 


Bull. 380, 1909, pp. 41-43. 
Notes based on a day’s visit, giving location, brief mention of rock 
formations, location and character of the principal veins. L. 


The Iron Creek Region (Alaska). By P. S. Smitu. .U. S.G.S. Bull. 
379, 1909, PP. 302-354. 
Describes geography, general geology, and economic geology (35 
pp.), including placers and lode prospects, and water resources. L. 


Mineral Resources of the Grants Pass Quadrangle and Bordering Dis- 
tricts, Oregon. By J. S. Ditter and G. F. Kay. U.S.G.S. Bull. 
380, 1909, pp. 48-79. : 

General geology, by J. S. Diller, pp. 48-54. Mineral resources, by 
G. F. Kay, pp. 54-79, including gold-quartz veins, placer mines, copper 
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mines, and prospects of stibnite, josephinite, and cinnabar. Districts 
and individual mines are described under each of the above headings. 
L: 
Mining in the Fair Haven District (Alaska). By F. F. HeEnsHaw. U. 
S. G. S. Bull. 379, 1909, pp. 355-369. 
Gives a general idea of conditions and of recent mining develop- 
ments. L. 


Notes on the Bohemia Mining District, Oregon. By D. F. McDonatp. 
U. S. G. S. Bull. 380, 1909, pp. 80-84. 
Outlines physiography and general gelogy; briefly describes the ore 
bodies (fissure veins), hydrothermal metamorphism, secondary altera- 
tion and enrichment, and mining development. lik 


Notes on the Economic Geology of South-eastern Gunnison County, 
Colorado. By J. M. Hirt. U.S. G.S. Bull. 380, 1909, pp. 21-40. 
Describes general geology, and the mineral resources of the various 
mining districts. L. 
Placers of the Gold Hill District (Alaska). By A. G. Mappren. U. 
S. G. S. Bull. 379, 1909, pp. 234-237. 
A brief account of geography, geology, and economic development. 


L. 


Preliminary Report on the Gowganda Mining Division, District of Nipis- 
sing, Ontario. By. W. H. Cottins. Geol. Surv. of Canada. No. 
1075, 47 pages with a map, 1909. 

A preliminary report on this new district and its future prospects. 
The silver ores occur in narrow well defined veins filling fissures in 
the country rock which is diabase of Post Huronian age. The gangue 
minerals are quartz and calcite. The district is similar in many re- 
spects to that about Cobalt. A. 

Round Mountain, Nevada. By F. L. Ransome. U. S. G. S. Bull. 
380, 1909, pp. 44-47. 

Contains results of a brief visit. Describes megascopic character 
of the principal rock (rhyolite), the workings of the sunnyside mine, 
and the character and value of its ore. Mentions other workings, 
including placer ground yielding an average of $5 a yard. L. 

Ursprung des Goldes in den Randconglomeraten. By F. W. Voir. 
Monatsber. d. Deutsch. Geol. Ges. 1908, pp. 107-119, with 5 figs. and 
I pl. 

TIN. 
Stanhills Tinfields|§ By B. Dunstan. Queensland Govt. Min. Jour. 
June 15, 1908. 
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The Tin, Molybdenum, and Lead Occurrences near Potgretersrust. By 
J. P. Jounson. Trans. Geol. Soc. So. Africa. Vol. X., 1908, pp. 
II5-I19. 


NON-METALS. 


ASPHALT. 


Grahamite Deposits of Southeastern Oklahoma. By J. A. Tarr. U. 
S. G. S. Bull. 380, 1909, pp. 286-297. 

Describes location and occurrence, physical features of the region, 
stratigraphy of rocks containing grahamite, structure, and descrip- 
tions of deposits by localities. The deposits occur as veins in sand- 
stone and shale. 1. 


An Occurrence of Asphaltite in Northeastern Nevada. By R. ANpErR- 
son. U.S. G.S. Bull. 380, 1909, pp. 283-285. 
Describes character and occurrence (in veins) of the asphaltite, 
and gives brief conclusion as to the possible occurrence of oil. L. 


CLAYS. 
Notes on the Clays of Florida. By G. C. Matson. U.S. G.S. Bull. 
380, 1909, pp. 346-357. 
Brief descriptions, with analyses and some physical tests, of the 
several clay beds in the Tertiary and Quaternary of Florida. L. 


COAL, LIGNITE, AND PEAT. 


Contributions to Economic Geology, 1907. Part II. Coal and Lignite. 
M. R. CaMpBELL, Geologist in Charge. U.S. G. S. Bull. 341, 1909, 
PP. 444, with 25 plates and 7 figures. 

The introduction by Mr. Campbell classifies coal areas into prov- 
inces, regions, fields and districts; gives a general outline of the geo- 
logic work done, and of the chemical study of coal. The other papers 
comprising the volume are also published separately as Bulls. 341A, 
B and C, the contents of which are noted below. L 


Investigations of the Coal Fields of Montana and Nort Dakota. U. S. 
G. S. Bull. 341 A, 1909, pp. 15-122. 
Mont., by R. W. Stone, p. 78. The Red Lodge coal field, Mont., by 
A. G. Leonard and C. D. Smith, p. 15. The Miles City coal field, 
Mont., by A. J. Collier and C. D. Smith, p. 36. The Bull Mt. coal 
field, Mont., by L. H. Woolsey, p. 62. Coal near the Crazy Mts., 
Mont., by R. W. Stone, p. 78. The Red Lodge coal field, Mont., by 
E. G. Woodruff, p. 92. The Lewistown coal field, Mont., by W. R. 
Calvert, p. 108. is 
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Investigations of the Coal Fields of Wyoming by The United States 
Geological Survey in 1907. By J. A. Tarr, E. W. Suaw, C. W. 
WASHBURNE, E. G. Wooprurr, E. E. Smitu, M. W. Batt, and A. R. 
Scuuttz. U.S. G.S. Bull. 341-B, 1909, pp. 123-282: 

Contents: The Sheridan coal field, Wyoming, by J. A. Taff, p. 123. 
The Glenrock coal field, Wyoming, by E. W. Shaw, p. 151. Coal 
fields of the northeast side of the Big Horn Basin, Wyoming, and of 
Bridger, Mont., by C. W. Washburne, p. 165. Coal fields of the south- 
west side of the Big Horn Basin, Wyoming, by E. G. Woodruff, p. 
200. The eastern part of the Great Divide Basin, Wyoming, by E. E. 
Smith, p. 220. The western part of the Little Snake River coal 
field, Wyoming, by M. W. Ball, p. 243. The northern part. of the 
Rock Springs coal field, Sweetwater County, Wyo., by A. R. Schultz, 
p. 256. se 


Investigations of the Coal Fields of Colorado, New Mexico, Utah, Ore- 
gon, and Virginia by the United States Geological Survey in 1907, 
with a Bibliography of Survey Papers relating to Coal, Coke, Lignite, 
and Peat. U.S. G.S. Bull. 341-C, 1909, pp. 283-436. 

Contents: Coal fields of northwestern Colorado and northwestern 
Utah, By H. S. Gale, p. 283. The Grand Mesa coal field, Colorado, by 
W. T. Lee, p. 316. The coal field between Gallina and Raton Spring, 
N. Mex., in the San Juan coal region, by J. H. Gardner, p. 335. The 
coal field between Durango, Col., and Monero, N. Mex., by J. H. 
Gardner, p. 352. The coal field between Gallup and San Mateo, N. 
Mex., by J. H. Gardner, p. 364. The Harmony, Colob, and Kanab 
coal fields, southern Utah, by G. B. Richardson, p. 379. The Rogue 
River valley coal field, Oregon, by J. S. Diller, p. 401. A coal prospect 
on Willow Creek, Morrow County, Oreg., by W. C. Mendenhall, p. 
406. The Pocket coal district, Virginia, in the Little Black Mountain 
coal field, by C. A. Fisher, p. 409. Classified list of papers dealing 
with coal, coke, lignite, and peat, except those on Alaska, by W. T. 
Lee and J. M. Nickles, p. 419. 


Geology of the Great Falls Coal Field, Montana. By C. A. Fisuer. 
U. S. G. S. Bull. 356, 1909, pp. 85, with 12 plates and 2 figures. 
Bibliography, pp. 7-14; topography, pp. 14-20; descriptive geology, 
pp. 21-50; economic geology, pp. 50-82, includes geologic occurrence, 
location and extent, character and thickness, and development of coal, 
descriptions of mines. The coal is of lower cretaceous age, medium- 
grade bituminous, and surpasses or compares favorably with coals in 
southern Mont., northern Wyoming and the Black Hills region. The 
coal field, owing to geographic position is destined to become the most 
important coal-mining district in north-central Montana. L. 
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Reconnaisance of the Book Cliffs Coal Field between Grand River, 
Colorado, and Sunnyside, Utah. By G. B. Ricuarpson. U.S.G.S. 
Bull. 371, 1909, pp. 54, with 10 plates and 4 figures. 

Topography 5 pp., descriptive geology 12 pp., occurrence and thick- 
ness of coal 18 pp., amount available, character, use, and development 
6 pp. The coals are medium-grade bituminous and rank favorably 
with coals of the Rocky Mts. and Mississippi Valley. They depend at 
present on a local market, and are but little developed. De 


Binders for Coal Briquets. Investigations made at the fuel-testing plant, 
St. Louis, Mo. By J. E. Mrs. U.S. G. S. Bull. 343, 1909, pp. 
56 with 1 figure. 

Describes the characteristics of good briquets, conditions governing 
the use of binders. Laboratory investigations of various binders, ex- 
periments in briquetting without binders, and results of tests in 
briquetting different coals. Concludes with a bibliography. L. 


Results of Purchasing Coal under Government Specifications. By J. S. 
Burrows, with a paper on Burning the Small Sizes of Anthracite for 
Heat and Power Purposes. By D. T. Rannatt. U.S. G. S. Bull. 
378, 1909, pp. 44. 

The first paper explains a general plan for purchases, contracts for 
1909, and results for 1907-8. The second paper shows how small 
sizes of anthracite may give as good results as large sizes, L. 


Peat Deposits of Maine. By E. S. Bastin and C. A. Davis. U.S. G. 
S. Bull. 376, 1909, pp. 127. 

Gives a general account of peat formation (pp. 8-17), discusses the 
origin and economic value of salt marshes (pp. 19-21); discusses 
factors influencing successful utilization of a peat deposit (pp. 22-29), 
peat as a fuel, as raw material for other than fuel manufacture, and 
as a useful material in agriculture (pp. 30-60); gives methods of 
testing Maine bogs, estimation of tonnage of machine peat, and ex- 
planation of analyses (pp. 60-64) ; describes localities (pp. 64-110) ; 
gives analyses, the composition of foreign and domestic peats (pp. 
114-122), and concludes with a bibliography. L. 


MICA. 


Mica Deposits of South Dakota. By D. B. Srerretr. U. S. G. S. 
Bull. 380, 1909, pp. 382-397. 

Gives brief introductory reference to local and general demand and 
supply. Describes general geology of the region, occurrence of mica 
(in pegmatite), the various mines, and briefly discusses the origin of 
the pegmatite (identical with that of pegmatites in general). L. 
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PETROLEUM. 


Les Gisements Petroliféres de la Roumanie. By L. Demaret. Ann. des 
Mines de Belgique. T. XIII., 2 Liv., 1908, pp. 55 with maps. 


RARE ELEMENTS. 
Tin, Tantalum, and Tungsten Deposits of South Dakota. By F. L. Hess. 
U. S. G. S. Bull. 380, 1909, pp. 131-163. 

Gives a general introduction, and considers the metals in the above 
named order, describing claims, and discussing their value. The 
metals are closely related genetically, and occur in scattered shoots of 
limited size, workable only on a small scale. L. 


Note on a Wolframite Deposit in the Whetstone Mountains, Arizona. 
By F. L. Hess. U.S. G.S. Bull. 380, 1909, pp. 164-165. 

Gives location and description of ore found in quartz vein cutting 
granite near the latter’s intrusive contact with mica schist and lime- 
stone. Quantity of ore thus far found is too small to pay for working. 

L, 
SALINES. 

Sodium Sulphate in Soda Lake, Carriso Plain, San Luis Obispo County, 
California. By R. Arnoip and H. R. Jounson. U.S. G.S. Bull. 
380, 1909, p. 369-371. 

Briefly describes location, occurrence, chemical nature, and com- 
mercial development. Material is very abundant, but transportation 
facilities at present are inadequate. re 


SULPHUR. 
Sulphur Deposits near Thermopolis, Wyo. By E. G. Wooprurr. U. 
S. G. S. Bull. 380, 1909, pp. 373-380. 

Gives location and extent, and geologic relations; describes struc- 
ture, the occurrence of hot springs, the nature and occurrence of 
travertine and sulphur, origin of the sulphur ore (replacement of 
limestone along hot spring courses), mining smelting, marketing, and 
production. L. 


STRUCTURAL MATERIALS. 
Cement Materials near Havre, Mont. By L. J. Peprerserc. U. S. G. 
S. Bull. 380, 1909, pp. 327-336. 

Gives location and extent, outline of geology, and composition of 
cement materials. Discusses control of the mix, amount of available 
limestone, fuel supply, water, market facilities, market and competi- 
tion. The materials are of proper composition, and the fact that a 
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large percentage of CaO in the limestone is in the form of silicate 
is regarded as favorable. Careful prospecting is advised before any 
plant is erected. L. 


The Fire-Resisting Properties of the various Building Materials. By 
R. L. Humpnreys. U.S.G.S. Bull. 370, 1909, pp. 99, with 14 tables, 
39 plates, and 32 figures. 

Describes scope and character of investigations, gives a synopsis of 
tests, states the sources of material tested, describes apparatus, prepa- 
ration of materials tested, method of conducting tests, and the results 
of tests. L. 


Ganister in Blair County, Pennsylvania. By C. Butts. U. S. G. S. 
Bull. 380, 1909, p. 337-342. 

“ The name gainster is derived from the German ganster, meaning a 
spark, and owes its application to the fact that the rock will give a 
spark when struck with iron.” The ganister of Blair Co. is a nearly 
pure silica rock. The paper gives analyses and properties, geologic 
occurrence (silicified beds in Medina formation), methods of working, 
qualities for manufacture of refractory brick, processes of manufac- 
ture, character and uses of the brick. IES 


Marble Prospects in the Chiricahua Mountains, Arizona. By S. Patce. 
U.S. G. S. Bull. 380, 1909, pp. 299-311. 

Briefly describes first the geography and topography and general 
geology; second the distribution, composition and appearance, joint- 
ing, weathering, utilization, and transportation, a table of tests is 
appended. 


The Niobrara Limestone of Northern Colorado as a possible source of 
Portland Cement. By G. C. Martin. U.S. G. 5S. Bull. 380, 19009, 
PP. 314-326. 

Gives general geologic relations, requirements for cement materials, 
descriptions of local materials, and analyses. There is much rock of 
the requisite quality, but conditions of quarrying, manufacture, and 
transportation are not considered. L. 


Structural Materials in Parts of Oregon and Washington. By N. H. 
Darton. U.S. G. S. Bull. 387, 1909, pp. 33, with 9 plates and 1 
figure. 

Describes the several geologic formations; discusses the availability 
of sand and gravel, broken rock, clay, building stone, plaster, cement 
materials, and limestone. 2. 
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WATER. 

Geology and Water Resources of The Harney Basin Region, Oregon. 
By G. A. Wartnc. U.S. G.S. Water-Supply Paper 231, 1909, pp. 
93, with 5 plates. 

Nine pages devoted to geography, 15 to general geology and physi- 
ography, II to a discussion of surface water supply, 3 to underground 
water, I to conservation of the water supply, remainder to details of 
the several basins. L. 


Surface Water Supply of Nebraska. By J. C. Stevens. U. S. G. S. 
Water Supply Paper, 230, 1909, pp. 251, with 6 plates and 5 figures. 
Fifteen pages devoted to explanations of units and definitions, stream 
measurements, methods of computation, and accuracy and reliability 
of data; 11 to relation of rainfall to run-off, remainder to a compilation 
of hydrographic data collected in Nebraska, including 1906, arranged 
according to the principal drainage basins. The relation between 
rainfall and run-off differs markedly from streams in other portions 
of the United States. L. 


The Mineral Content of Illinois Waters. By E. Bartow, J. A. UppEN, ° 
S. W. Parr, and G. T. Parmer. Illinois State Geol. Surv. Bull. 10, 
1909, pp. 192, with 9 plates and 1 figure. University of Illinois, Ur- 
bana, 1909. 

Contents : Introduction, historical statement and distribution of waters 
analyzed; geological classification of the waters of Illinois; classifica- 
tion of mineral waters, according to physical and chemical properties; 
methods and interpretations; boiler waters; mineral springs of IlIli- 
nois; tables of analyses. L. 


Some Desert Watering Places in Southeastern California and south- 
western Nevada. By W.C. MENDENHALL. U.S. G.S. Water-Sup- 
ply Paper, 224, 1909, pp. 98, with 4 plates. (Stock exhausted.) 


Underground waters of Southern Maine. By F. G. CLapp with Records 
of Deep Wells, by W. S. Baytey. U.S. G.S. Water-Supply Paper 
223, 1909. Pp. 268, with 24 plates and 4 figures. « 

Briefly discusses settlement and development, surface features, 
drainage, and relations of climate to underground water conditions 
(pp. 17-21) ; gives a general account of underground water conditions: 
(pp. 23-27), of the water-bearing rocks and surface deposits of the 
region (pp. 28-42), and of the recovery of underground water (pp. 
43-63) ; gives notes on well-drilling, public supplies, and the composi- 
tion of the underground waters (pp. 63-92), gives descriptions of 
underground waters by counties (pp. 92-236); concludes with a list 
of deep well records (pp. 238-258). ied 
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Water-Supply Investigations in Seward Peninsula, 1908. By F. F. 
Hensuaw. U.S.G.S. Bull. 379, 1909, pp. 370-401. 
Briefly describes the several basins, giving discharge records, and 
rainfall records. L. 


Water-Supply Investigations in the Yukon-Tanana Region, Alaska, 
1907 and 1908. Fairbanks, Circle, and Rampart Districts. By C. C. 
Covert and C. E. Ettswortu. U. S. G. S. Water-Supply Paper 
228, pp. 108, with 7 plates and 3 figures, 1909. 

Briefly describes every area; considers conditions affecting water- 
supply; describes the several drainage basins, giving discharge meas- 
urements; compares discharge of the different areas; discusses hy- 
draulic development; proposes use of water power for electric-trans- 
mission; suggests a means of artificial storage and conservation. L. 


ORE DEPOSITS. 
The Formation and Enrichment of Ore-Bearing Veins. By G. J. Ban- 
croft. Bull. A. I. M. E. No. 31, July, 1909, pp. 581-590. 
Lays particular emphasis on the efficiency of chlorine as an agent 
in ore formation. L. 


Die Genesis der Pinolit-magnesite, Siderite, und Ankerite der Ostalpen. 
By K. A. Repiticu. Tschermaks Min. u. Pet. Mitt. Bd. 26, 6s. 


REGIONAL REPORTS. 
West Virginia Geological Survey, Vol. IV., 1909. By C. P. Grimstey, 
Part I., The Iron Ores of West Virginia, pp. 1-285. Part II., Salt 
in West Virginia, pp. 286-354. Part III., The Sandstones of W. Va., 
PP. 355-595; 1B 
Mineral Resources of Alaska. Report of Progress of investigations in 
1908. By A. H. Brooxs and others. U. S. G. S. Bull. 379, 19009, 
pp. 418, with 10 maps and 21 figures. 
Contains administrative report, and a discussion of the mining 
industry in 1908. By A. H. Brooks. Other papers are listed else- 
where in this bibliography. L. 


Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek Regions. 
By F. H. Morrit. U.S. G.S. Bull. 379, 1909, pp. 153-160. 
A report of progress since 1906. L. 


Mineral Resources of the Nabesna-White River District. By F. H. 
Morrit and A. Knorr. U.S. G.S. Bull. 379, 1909, pp. 161-180. 

General description; geology; mineral resources, including copper, 

gold, and lignite. The region is easily prospected. The occurrence 
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of native copper associated with zeolites in amygdaloidal basalt is of 
especial interest, and warrants further development. 14 


Mineral Resources of Southwestern Alaska. By W. W. Atwoop. U.S. 
G. S. Bull. 379, 1909, pp. 108-152. 
Describes the geology and distribution of known deposits of coal 
(mostly), petroleum, gold, and copper. L. 


Mining in Southeastern Alaska. By C. W. Wricut. U.S.G.S. Bull. 
379, 1909, pp. 67-86. 
Gives account of conditions in the Juneau, Sitka, Wrangell, and 
Ketchikan districts. L. 


Recent Developments in Southern Seward Peninsula. By P. S. Smiru. 
U.S. G. S. Bull. 379, 1909, pp. 267-301. 

Describes recent enterprises, work recently completed, and projects 
and tendencies noted in the region. Nome, the Solomon and Casa- 
depaga, Council, Kougarok, and Port Clarence, are the regions con- 
sidered. L. 


Notes on the Geology and Mineral Prospects in the vicinity of Seward, 
Kanai Peninsula. By U. S. Grant and D. F. Hicerns, Jr. U.S. G. 


S. Bull. 379, 1909, pp. 98-107. 
Describes geology, copper prospects, and gold prospects. i. 


Summary Report of the Geologcal Survey Branch of the Department of 
Mines, for the year 1908. Ottawa, Canada. 211 pages. 
Summarizes the work carried on during the year. Gives brief re- 
ports from the various individuals in charge of field parties, of the 
nature of the field work conducted during the year. A. 


Annual Report of the Ontario Bureau of Mines. Vol. XVII. 356 pages, 
5 maps and numerous illustrations, 1908. 

Outlines the work being carried on in Ontario. Briefly describes 
the mines in operation. A description is given of the geology of 
Thunder Bay, which seems to be of slight economic importance. 

The Iron Ranges about Lake Nipigon are quite extensively described 
and discussed by A. P. Coleman and E. S. Moore. A large portion 
of this report is occupied by a detailed description of the Iron and 
Steel Industry of Ontario, by G. C. MacKenzie including modes of 
occurrence and methods of extraction. This report contains numerous 
excellent illustrations. A. 


UNCLASSIFIED. 


Bibliography of North American Geology for 1906 and 1907, with Sub- 
ject Index. By F. B. Weexs and J. M. Nicxtes. U.S.G.S. Bull. 


372, 1909, PP. 317. 
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Gives a list of serials examined, a bibliography arranged accord- 
ing to authors, an index, and lists of chemical analysis, geologic 
formations described, minerals described, and of rocks described. L. 


Contributions to Economic Geology 1908. Part I., Metals and Non- 
Metals, except Fuels. C. W. Hayes and WaLpEMaR LINDGREN, Ge- 
ologists in charge. U.S. G.S. Bull. 380, 1909, pp. 406, with 2 plates 
and 32 figures, 

The papers contained are listed under the several metals and non- 
metals in this bibliography. All papers on any single product are also 
published separately. A bibliography of U. S. G. S. publications ac- 
companies each group of papers. L, 


Mineral Resources of the United States, 1908. U.S. G.S. 

Separate chapters on monazite and zircon; salt and bromine; baux- 
ite and aluminum; phosphate rock; slate; petroleum; chromic iron ore; 
cement; mica; talc and soapstone; asbestos; manganese ores; gypsum 
and gypsum products; fluorspar and cryolite; barytes and strontium; 
quartz and feldspar; sulphur and pyrite. i. 


Papers on the Conservation of Mineral Resources. (Reprinted from 
report of the National Conservation Commission, Feb., 1909.) U. S. 
G. S. Bull. 394, 1909, pp. 214, with 12 plates and 2 figures. 
Contains the following papers: Coal fields of the United States, by 
M. R. Campbell and E. W. Parker, pp. 7-26. Estimates of future coal 
production by H. Gannett, pp. 27-29. Petroleum Resources of the 
United States, by D. T. Day, pp. 30-50. Natural-gas resources of the 
United States, by D. T. Day, pp. 51-61. Peat resources of the United 
States, exclusive of Alaska, by C. A. Davis, pp. 62-69. Iron ores of 
the United States, by C. W. Hayes, pp. 70-113. Resources of the 
United States in gold, silver, copper, lead, and zinc, by W. Lindgren, 
pp. 114-156. The Phosphate deposits of the United States, by F. B. 
Van Horn, pp. 157-171. Mineral resources of Alaska, by A. H. 
Brooks, pp. 172-208. i. 











ecl 


THE 
parties 
geolog 
ties ha 
River 
easter 
region 
and C 
in Sey 

The 
directi 
the fir 
and 
overla 
Bay a 

Sou 
minin; 
the pr 
Knop: 
19, st 
compl 
gan v 

a 
surve 
his w 
near 


* Gec 
invited 
or sci¢ 
and pe 





Non- 
. Ge- 
lates 


non- 
also 
S ac- 


L. 


aux- 

ore; 
sum 
ium; 


L. 


from 


UBS Se 


s, by 
coal 
' the 
f the 
nited 
s of 
the 


xren, 
. B. 
, i, 
I. 














SCIENTIFIC NOTES AND NEWS' 


THE UNITED STATES GEOLOGICAL SuRVEY has had fourteen 
parties in Alaska this summer. These parties comprised twelve 
geologists, seven topographers, and three engineers. Two par- 
ties have been at work in southeastern Alaska, one in the Copper 
River region, two in the Matanuska coal region, one in the 
eastern part of the Kenai Peninsula, two in the Iliamna Lake 
region, two in the Yukon-Tanana region, one in the Koyukuk 
and Chandalar districts, one in the Norton Bay region, and one 
in Seward Peninsula. 

These surveys and investigations are carried on under the 
direction of Alfred H. Brooks, who left Seattle for Cordova on 
the first of July. From Cordova he proceeded up Copper River 
and made a brief visit to the Nizina district. He then went by 
overland trail to Fairbanks, and later paid a visit to the Berners 
Bay and Eagle River districts, in southeastern Alaska. 

Southeastern Alaska.—General reconnaissance work in the 
mining districts of southeastern Alaska having been completed, 
the present investigations include more detailed surveys. Adolph 
Knopf, geologist, began work in the Berners Bay region on May 
19, studying the geology and ore deposits in detail. On the 
completion of this work he started to Eagle River and there be- 
gan work on a similar investigation. 

J. W. Bagley, with one assistant, made a detailed topographic 
survey of the Eagle River mining district. He then extended 
his work southward to connect with previously surveyed areas 
near Juneau. 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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Copper River Region.—At the close of last year the general 
investigation of the two copper belts of the Copper River region 
was completed, and it now remains to make a more detailed 
study of the regions of present greatest economic importance. 
The area first to be investigated lies at the east end of the 
Chitina-Kotsina belt. This field not only affords the best ex- 
posures but is also the region where greatest depth has been 
reached in developing the ore bodies; hence it will yield more 
facts than other parts of the district and was therefore chosen 
for the first investigation. It is hoped that it will be possible 
later to map in detail the other important parts of this copper 
belt. Meanwhile it is expected that the work in this field will 
throw important light on the occurrence of copper ores through- 
out the region. 

F. H. Moffitt and S. R. Capps are doing this work. 

Kenai Peninsula.—vU. S. Grant and D. F. Higgins sailed from 
Seattle on June 8 for Seward to begin a reconnaissance of the 
eastern part of Kenai Peninsula. Much prospecting has been 
done in this field during the last few years, and it is expected 
that Mr. Grant’s investigations will be of value to the prospec- 
tors. He will use a large launch for traveling, as the work will 
necessitate passing many headlands that are open to the full 
sweep of the Pacific. It is expected that Mr. Grant will be able 
to complete the preliminary examination of the entire south- 
eastern and southern coast line of the Kenai Peninsula. 

Matanuska Coal Field—The policy of mapping the Alaskian 
coal fields in detail has been continued in the Matanuska field this 
season. R. H. Sargent, with one assistant and six men, began 
work about the middle of June. This force was divided into 
two parties. Mr. Sargent’s task was to make a detailed topo- 
graphic map of the most important part of the Matanuska coal 
field, which will serve as a base map for detailed geologic investi- 
gations during 1910. 

Ilamna Lake Region.—West of Cook Inlet is a large unsur- 
veyed tract in which, it is reported, there have been discoveries 
of copper lode deposits and placer gold. In accordance with the 
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policy of covering new fields as rapidly as possible, the Geolog- 
ical Survey this year dispatched a double party to begin the sur- 
vey of this extensive area. This party was in charge of D. C. 
Witherspoon, topographer, with whom was associated G. C. Mar- 
tin, geologist. The party landed at Iliamna Bay May 14. It is 
expected that they were able to begin their westward march about 
the first of June. F. J. Katz assisted in the geologic work and 
C. E. Griffin in the topographic survey. Besides these there 
were seven other men. Canoes were used on the lakes and horses 
in land travel. 

Yukon Region.—The extensive area lying between the Yukon 
and Tanana has been the subject of investigation for several years. 
A reconnaissance map of this area is now completed, and much 
of the geologic work has also been done, but a considerable tract 
still remains to be covered. This work has beer continued by 
L. M. Prindle, assisted by B. L. Johnson. The party landed 
at Circle about the middle of June to go southwestward, reaching 
Fairbanks about the first of August. Thence a trip was made 
to the region southeast of Fairbanks, and later in the year the 
work was extended into the area northwest of Fairbanks. 

The investigation of the surface water supply needed for 
placer mining in this field was begun in 1907, and as it is neces- 
sary to obtain records of stream flow for a number of years be- 
fore any generalizations can be made as to the run-off, these 
investigations have been continued this year. C. E. Ellsworth, 
who was detailed to this work, reached Fairbanks over the trail 
about the first of April and has since been engaged in stream 
measurements in the Fairbanks, Baker, and Rampart districts. 

The first survey of the Chandalar and Koyukuk districts was 
made in 1899 by F.C. Schrader and T. G. Gerdine. This was 
the summer in which gold was discovered in this field. Since 
that time the Koyukuk district has been a continued producer in 
a small way, but in 1907 more valuable placers were found there 
and some workable placers were found in the Chandalar district. 
This fact led to a demand for further work in this field, which 
was carried on by A. G. Maddern. Mr. Maddern reached the 
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Chandalar district in the early part of July and later made his 
way overland to the Koyukuk district. He had one man with 
him and used horses for carrying his supplies and equipment. 

Norton Bay Region.—Between the lower Koyukuk and 
Seward Peninsula there is a belt about 150 miles wide which is 
practically unexplored. It is possible that this area may con- 
tain deposits of gold and coal. With the view of obtaining in- 
formation on this point, P. S. Smith, assisted by H. M. Eakin, 
carried on an exploratory survey westward from Nulato to 
Norton Bay, and thence to Council. The party was equipped 
with six horses and included two men, besides the geologists. 

Seward Peninsula—The Geological Survey has done more 
work in Seward Peninsula than in any other part of Alaska. 
The entire field has been covered by geologic and topographic 
reconnaissance maps, and some of the more important areas have 
been mapped in detail. In addition to this, special reports have 
been published on the tin deposits and on the gold placers. 

Investigation of the water resources—an important feature 
to the placer miner—was begun in 1906. As, however, it takes 
a number of years to obtain sufficient records to determine the 
rainfall, even approximately, this work is being continued 
through another year. F. F. Henshaw, assisted by G. L. Parker, 
continued stream gaging in some of the most important mining 
districts. 


DEPARTMENT OF MINES, DOMINION OF CANADA. 


It will be remembered by readers of Economic Geotoey that 
the Department of Mines which has recently been constituted in 
the Dominion of Canada consists of two branches, (a) the Geo- 
logical Survey and (b) the Mines Branch. The Geological Sur- 
vey has charge of all geological work, whether this be explora- 
tory, areal mapping or economic geology, while the latter branch 
has assigned to it mineral statistics and investigations into the 
technology of the various industries which are connected with the 
mineral resources of the country. The department has over it a 
Minister of the Crown under whom Dr. A. P. Low holds the 
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position of deputy minister, while Mr. R. W. Brock is director 
of the Geological Survey and Dr. E. Haanel is director of the 
Mines Branch. 

The work of both these branches of the department has been 
carried on very actively during the past year. This work may 
be considered under the heads of the respective divisions. 

(a) Geological Survey.—In the Yukon and MacKenzie River 
districts the survey had three parties at work. Mr. D. D. Cairnes 
and his party spent the field season near White Horse in making 
an examination of the coal deposits of the Tantalus locality. Mr. 
Joseph Keele, who spent the winter of 1907-08 near the head 
of the Pelly River, crossed the head waters of the Gravel River 
and during the summer made a reconnaissance of the district 
traversed by that river down to its junction with the MacKenzie. 
An ethnological expedition under the joint auspices of the Geo- 
logical Survey of Canada and the American Museum of Natural 
History made a journey down the MacKenzie River and is 
spending the present winter among the Eskimo about the Arctic 
Sea. It is believed that from this expedition much information 
concerning the geography and mineral resources of the region 
is likely to be obtained, as well as much additional information 
with regard to the ethnology of this remote portion of the 
Dominion. 

Six parties carried on field work for the survey in the Province 
of British Columbia. Mr. R. G. McConnell made a detailed 
survey of the northern portion of Texada Island, a district which 
has come into prominence on account of the copper and iron 
deposits which exist there. Mr. R. P. D. Graham, of McGill 
University, made a geological examination of the Pacific coast 
inlets between Kingscanie Inlet and Bella Coola. This work 
forms a continuation of that which was begun in the south by 
Mr. LeRoy in 1906 and carried farther north by Mr. Bancroft 
in 1907. This district has an especial interest from a geological 
standpoint on account of the phenomena developed by the in- 
trusion of the great Coast Range bathylith and the mineral de- 
posits occurring here in connection with this intrusion. Mr. W. 
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W. Leach explored the Bukeley Valley near the route which will 
be taken by the new Grand Trunk Pacific Railway. This dis- 
trict is already known to possess important economic resources in 
the form of numerous and thick coal seams, as well as deposits 
of lead and copper. A systematic survey of Vancouver Island 
is being undertaken by the Survey, the work being started last 
summer at the southern end of the island by Mr. C. H. Clapp. 
The survey is also making a study of the fauna and flora of the 
island, this work being in charge of Mr. John Macoun, the 
Dominion botanist, who also visited the mines of the Rossland 
camp for the purpose of studying the fungi, which here rapidly 
destroy the mine timbers, with the view of ascertaining how 
this destruction can best be prevented. 

Mr. Charles Camsell completed an investigation begun in the 
previous year on the gold-arsenic ores of Camp Hedley in the 
Similkameen district. 

Mr. O. E. LeRoy mapped and made a detailed study of the 
ore deposits at Phoenix in the boundary district of British Co- 
lumbia. 

The survey also had three parties in the field in Alberta and 
Saskatchewan. The first of these under Mr. Malloch made a 
geological survey of the Big Horn coal area on the Brazeau 
River. The second, under Mr. Dowling, made a general study 
of the coal supply of the Province of Saskatchewan and a por- 
tion of Alberta. The third under Mr. McInnis made a recon- 
naissance along the route of the proposed Hudson Bay Railway 
where it follows the Churchill River between Lac la Rouge and 
Indian Lake. 

In the district of Keewatin Mr. O. Sullivan made an instru- 
mental survey along a stretch of 250 miles of the coast of Hudson 
Bay, thus completing the survey of the bay in question. 

In the Province of Ontario four parties were engaged in 
field work. Dr. A. W. G. Wilson completed the mapping of an 
area along the National Transcontinental Railway near Lake 
Nipigon. Mr. W. H. Collins made a geological examination of 
the upper portion of the Montreal River district. Much at- 
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tention has recently been attracted to this district owing to the dis- 
covery there of silver-cobalt ores similar to those which occur 
in the district about Cobalt. Messrs. F. B. Taylor, Goldshwaite 
and W. A. Johnson were engaged in a study of the superficial 
geology of the region of the Great Lakes, this work being a 
continuation of that carried out by Messrs. Taylor and Gold- 
shwaite in previous years to the south of the international 
boundary. Mr. E. D. Ingall spent the season in the examination 
of the gas and oil wells of south Ontario. 

In the province of Quebec Mr. M. E. Wilson continued his 
examination of the country east of Lake Temiscaming, which 
has also recently attracted much attention owing to the fact that 
the Pre-Cambrian rocks of the Cobalt district here cross into the 
province of Quebec. Mr. J. A. Dresser made an examination 
of the district between the National Transcontinental Railway 
and the state of Maine from the vicinity of Quebec city to the 
border of the province of New Brunswick. This comparatively 
unknown district is of economic interest on account of the fact 
that it is situated on the strike of the serpentine belts carrying 
great deposits of asbestos and chromic iron ore in the more 
southern portion of the province of Quebec. 

In the province of New Brunswick Dr. George A. Young 
made a detailed study of the deposits of iron ore recently dis- 
covered near Bathurst on the Baie des Chaleurs, which are of 
great extent and promise to be a very important factor in the iron 
trade of eastern Canada in near future. 

Dr. R. W. Ells was during the year sent to Scotland to make a 
special study of the oil shale industry with a view to the utiliza- 
tion of the great bodies of similar shale found in Albert County, 
New Brunswick. 

Mr. L. Lambe was engaged in a study of the vertebrate fossils 
and Mr. W. J. Wilson in the collection of plant remains from 
the supposed Devonian strata of the Province of New Brunswick. 

In Nova Scotia Messrs. H. Fletcher, E. R. Faribault and H. 
M. Ami during the summer continued their investigations in 
various parts of the province. 
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In the province of Prince Edward Island a deep bore hole was 
put down through the Upper Carboniferous strata with a view 
to determining whether the coal measures occurring in the ad- 
jacent province of New Brunswick passed beneath the island in 
question, and if so, whether they contained workable deposits 
of coal. 

(b) The Mines Branch.—The investigations which were car- 
ried out by the Mines Branch during the past year include an 
inquiry into the methods employed in treating and preparing peat 
for the market in the various countries in Europe in which this 
fuel has been most successfully utilized. The department also 
carried out magnetic surveys of certain iron ore bodies. 

The mineral statistics of the dominion were also compiled and 
an elaborate report on the mining and metallurgical industries of 
Canada was completed and published. 

An important investigation into the coals of Canada was also 
undertaken by the department, large lots of these coals being 
collected from all the important coal fields and shipped to the 
laboratories of McGill University, Montreal, where a special gas 
producer plant was installed. In this plant the suitability of these 
coals for ‘employment in producer plants is tested and the effi- 
ciency of each coal in this respect determined. Tests are also 
made of the calorific value of these fuels as well as their suita- 
bility for steam production. These experiments, which have been 
very extensive and very thorough, are still in progress but will be 
completed during the coming spring. 

In connection with this investigation experiments were also 
made for the determination of the coking value of these coals 
and the improvemerit in quality which could be effected in certain 
of them by washing. 

These tests are being carried out for the department by Pro- 
fessors R. J. Durley and J. B. Porter. 

A large amount of work was also done in the chemical labora- 
tories of the Mines Branch which undertakes the chemical work 
for the whole Department of Mines. 

As mentioned above, a report on the mining and metallurgical 
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industries of Canada was issued during the year. This is a vol- 
ume of xvi-+ 972 octavo pages. The various industries are 
treated by provinces. The volume gives an account of the or- 
ganization, location and development of the property of all the 
mining and smelting companies in actual operation in the Do- 
minion and is illustrated by numerous plates accompanied by six 
maps. ‘The price of this report has been fixed at $1.00 and it 
may be obtained on application to the director of the Mines 
Branch of the Department of Mines at Ottawa. 
F. D. ADAMs. 


Mr. A. F. Criper has resigned the directorship of the State 
Geological Survey of Mississippi and Dr. E. H. Lowe, formerly 
professor of geology in the University of Mississippi, has been 
elected to the position. 

Mr. S. F. Emmons, of the U. S. Geological Survey, has re- 
ceived the doctorate of science from Harvard University. He 
is now in Washington, D. C. 


THE Rhode Island legislature at the last session appropriated 
$2,500 annually for three years for a survey of the naural re- 
sources of the state. The work was placed under the general 
charge of the Bureau of Industrial Statistics, Colonel George 
H. Webb, commissioner, who has appointed Professor Charles 
W. Brown, head of the department of geology at Brown Uni- 
versity, to take immediate direction of the survey. Mr. Nelson 
C. Dale, A.M., and I. R. Sheldon, ’10, have been appointed field 
assistants. 


M. R. CAMPBELL AND E. C. BARNARD made their head- 
quarters for the summer at the Denver office of the U. S. Geo- 
logical Survey, 425 Commonwealth Building. 

W. R. CALveErt, assisted by Messrs. Barnett, Pishel and Beek- 
ley of the Geological Survey completed the classification of lands 
in the Cheyenne Indian reservation, South Dakota, about July 20. 

Dr. ALBERT JOHANSENN, of the U. S. Geologiial Survey, 


began his summer field work in the Black Hills, near Rapid City, 
> D. 
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C. A. FisHer made a study of the coals in Central Appa- 
lachian field this summer. Early in July he spent a few days in 
the New River field and later will visit the Pocahontas field. 


Mr. WALTER Harvey WEED has entered into partnership 
with Mr. Frank H. Probert. The firm will make a specialty of 
the examination of mining properties, géological surveys, etc., 
and will do business under the name of Weed and Probert. The 
offices are at 42 Broadway, New York, and The Central Building, 
Los Angeles, California. 








